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When  Government  drawings,  specif* cation* , or 
other  data  uc  usad  for  ary  jiurpcse  other  than  in 
oowwotion  with  a definitely  related  Government 
procrenwit  operation,  -the  United  States  Government 
thereby  inovfs  no  roe pous ibility  nor  any  obligation 
whataoercTi  and  the  fad  that  the  government  may 
have  f omuls  tod,  fvmiah^d,  or  In  any  way  supplied 
the  said  drawings,  speoifioatiiv.ia,  or  other  data, 
ic  not  to  he  regarded  by  implication  or  othend.ee 
ob  in  any  manner  lioonaing  the  holder  or  any  other 
person  or  oorperetion,  or  convoying  any  righto  or 
pomisaion  to  manufacture,  utn,  or  ooll  ary  patented 
invention  that  may  in  any  way  he  related  thereto. 


The  information  furnished  herewith  is  nartn 
available  for  study  upon  the  understanding  that  the 
Owarme«t*s  proprietary  intoroota  in  ond  relating 
thereto  shall  net  be  J.ij  Aired,  It  Is  desired  that 
the  Judy*  ddveoat*  (fHJ),  fright  Air  revalopnenfe 
Canter.  Wriftit-rtttfirson  dir  fores  Base.  Ohio,  be 
promptly  notified  of  ary  apparent  cenfliot  bntweon 
the  Oovrrrrenent 'e  proprietary  interests  and  thee* 
t*f  other*. 
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foreword 


This  report  was  prepared  by  Air  Products,  Incorporated,  Allentown, 
Pennsylvania,  on  contract  No.  AF  33(£>Q0)-19S55,  dated  9 June  1952} 
Supplement  Agreement  No.  1,  dated  2 March  1953)  and  Revision  1,  dated 
15  Way  1553.  Work  administered  under  the  direction  of  C.  ft.  Anderson, 
Vice-Pr-sident-ln-Charge-of-Englneering  and  H»  W.  Farrow  acted  as  project 
engineer.  Tha  contract  waa  initiated  under  Research  and  Development 
Order  No.  660-123,  "Improvement  and  Development  of  Oxygen  Generating 
Plants  and  Auxiliary  Equipment,"  by  the  Equipmant  Laboratory,  Directorate 
of  Laboratories,  Wright  Air  Development  Center,  with  A.  M,  Paulson  serving 
as  project  engineer. 

Thi  a is  one  of  a series  of  three  reports  to  be  issued  on  this  project. 
The  second  report  will  be  iamied  upon  completion  of  the  operating  tests 
on  tha  mobile,  liquid  oxygen  generator,  while  the  third  report  will  be 
issued  upon  completion  of  the  entire  program. 

Included  among  those  who  cooperated  in  the  study  were  C.  J.  Schilling, 
L.  L.  Vollar.d,  P.  0.  Foust,  J,  7.  Fetteraan  of  Air  Produots,  Incorporated. 


ABSTRACT 


Design  of  a mobile  generator  capable  of  producing  two  tons  per  day  of 
high-nurlty  liquid  oxygen  or  liquid  nitrogen  and  capable  of  compressing  the 
entire  production  capaoity  to  4000  PSIG  as  described.  Plows  of  the  operating 
cycle  are  pictured  and  discussed.  Material  and  heat  balances  are  calculated 
on  the  basis  of  theory  and  oast  experience  gained  from  the  fabrication  of 
more  than  500  oxygen  generators,  both  mobile  and  stationary,  of  high-  and  low- 
purity  type.  Tentative  specifications  for  the  equipment  components  are  ll3ted. 


publication  review 


The  publication  of  this  wpcrt-doea  not  constitute  approval  by  tha 
Air  Force  of  the  fi ndin^s  or  thn  conclusions  contained  therein#  It  is 
published  only  for  the  exchange  and  stimulation  of  ideas. 

FOR  THE  CCWHANDRRi 


Colonel,  USAF 

Chiaf,  Etiuijiuant  laboratory 
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To  obtain  the  desirod  projection  of  two  ton*  per  day  of  99. 5<  pure  liquid 
oxygen,  or  two  tons  per  day  of  99,0 % pore  liquid  nitrogen,  an  air  feed  of  ap- 
proximately 1000  standard  cubic  feet  per  minute  shall  be  used,  Thi*  shall  in- 
dicate a liquid  oxygen  recovery  by  weight  of  4.29Jf  or  a liquid  nitrogen  recov- 
ery by  weight  of  3.7Jf.  To  operate  the  unit  three  diesel  engines  shall  supply 
approximately  330  horsepower,  which  shall  result  in  a ratio  of  approximately 
1.1  pounds  of  liquid  oxygen  produced  par  pound  of  diesel  fuel  burned.  A temp- 
erature approach  of  approximately  8°f  shall  bs  expected  at  the  air  inlet  end 
of  the  heat  exchanger.  The  estimated  heat  infiltration  from  ambient  surround- 
ings into  the  air  separator  shall  be  1.5  B.T.O.  per  pound  of  air  feed.  It  is 
estimated  that  the  loss  of  air  from  the  heat  exchanger  during  the  reversals, 
whiph  occur  every  10  adroit  es,  shall  be  of  the  total  input.  The  semitrailer 
shall  be  approximately  32*-0"  long,  9f-6"  wide  and  12*-0"  high.  These  dim- 
ensions, which  are  reduced  to  a minimum,  shall  be  for  the  greater  part,  dic- 
tated by  the  availability  of  equipment  eostponents  in  the  air  source  section. 
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General 

The  cycles  of  air  separation  for  this  generator  are  pictured  on  four 
Air  Products,  Incorporated  Drawings  numbered  42 559,  42560,  42561  and  42562* 

Each  will  illustrate  a Dh.ase  of  operation  and  will  herein  be  referred  to 
as  Figures  1,  2,  3 and  4*  The  licuid  product  is  nrcduced  by  the  distil- 
lation of  liquid  air  Into  pure  oxygen  or  nitrogen  dersendent  on  require- 
ments. Atmospheric  air  which  forms  the  raw  material  is  filtered,  compress- 
ed, freed  of  weter  vapor  and  carbon  dioxide  in  reversing  heat  exchangers, 
and  then  liquefied  bv  a combination  of  cooling  and  expansion.  The  pure 
pro&ict  which  results  from  the  distillation  of  the  liquid  air  is  drawn  off 
as  a liquid  at  column  operating  pressure  or,  is  fed  at  a liquid  into  special 
pumps  which  compress  the  product  to  ahy  pressure  ud  to  4000  PSIA.  The  cold 
high-pressure  liquid  product  leaving  the  pump  is  warmed  in  a heat  exchanger, 
and  flows  au  a gas  into  cylinders  or  into  soae  other  receiver*  Sines  this 
oroduct  is  the  result  of  distillation  of  liquid  air,  it  can  be  considered 
absolutely  dry  for  all  conditions  of  use. 

It  is  necessary  to  remove  the  water  vapor  and  carbon  dioxide  contents 
from  the  air  inasmuch  as  these  impurities,  if  not  removed,  would,  in  s rel-  . 
atively  short  period  of  time,  '’freeze  out"  at  the  sub-sero  temperatures  in- 
volved and  thus  nlug  lines  and  render  the  generator  inoperative. 

Detailed  Description 

Atmospheric  air  is  drawn  through  mechanical  filters  to  remove  any  foreign 
matter  vhioh  may  be  injurious,  to  ths  equinaent,  and  is  then  fed  to  an  oil-free 
air  compressor  where  its  area sure  ii  elevated  to  100  PSIG.  The  sir  compressor 
is  a three-stage  unit,  each  stage  consisting  of  s rotary  blower  which  is  dir- 
ect-drivm  by  a diesel  engine  through  a suitable  transmission.  Some  moisture, 
and  also  the  heet  of  compression,  are  removed  from  the  air  in  air-cooled  lnter- 
and  afterooolers, 

?h*"higb-ppessure"  air  is  thin  fed  to  the  heat  axchangsr  through  a switch 
valve.  This  valve  switches  or  reverses,  at  preset  ten  minute  intervals,  the 
heat  exchanger  passes  for  the  incoming,  high-pressure  air  and  the  effluent,  low- 
pressure,  wasts  air  such  that,  the  passes  which  were  high-pressure  air  passes 
for  the  previous  ten  minutes  then  become  effluent,  waste  air  passes  for  the  next 
ten  minutes,  and  vice-versa.  The  remaining  moistures,  and  also  the  carbon  di- 
oxide, in  the  high-pressure  air  are  deposited  in  the  heat  exchanger  at  the  dif- 
ferent temperature  levels  which  are  in  equilibrium  with  the  vapor  pressures  and 
concentrations  of  the  moisture  and  carbon  dioxide.  These  deposits  are  made  in 
the  two  passes  alternately.  While  a deposit  is  being  made  in  one  pass,  the  da- 
posit  in  the  .other  pasa  is  being  "cleaned  us"  through  the  absorptive  capacity 
of  the  dry!  lew-pressure,  effluent,  waste  air* 
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After  leaving  the  heat  exchanger,  the  high-oressure  air,  which  is  then  a 
saturated  vapor,  enters  the  air  liquefier.  The  liquefier  is  an  extension  of 
the  heat  exchanger  surface,  and  in  it,  liquefaction  of  a nortion  of  the  in- 
coeiing  air  is  effected.  This  portion  is  the  aaount  of  liquefaction  necessary 
to  keep  the  cycle  operating,  and  it  ie  equivalent  to,  (1)  the  amount  of  liquid 
withdrawn  ae  the  final  product  plue,  (2)  the  aaount  of  liquid  which  ie  vapor- 
ised as  a result  of  the  influx  of  heat  into  the  generator  froa  the  ambient  sur- 
roundings plus,  (3)  the  amount  of  liquid  which  ie  lost  ae  a result  of  the  ex- 
pansion from  high-pressure-air  pressure  to  column  onerating  pressure,  the 
pressure  at  which  the  liquid  product  is  withdrawn. 

The  partially  liquefied,  high-pressure  air  then  enters  the  phase  separator, 
where  its  liquid  and  vapor  phases  are  divided  and  directed  into  different 
streams. 

The  liquid  stream  ie  expanded  to  approximately  6 PSIG  after  which  it  is 
passed  through  a silica  gel  type  hydrocarbon  Adsorber.  In  the  adsorber,  removal 
of  the  hydrocarbon  content  is  accomplished  to  prevent  their  accumulation  to 
dangerous  concent rations  in  the  distillation  column.  After  every  150  or  sore 
hours  of  operation,  the  adsorber  is  reactivated  by  means  of  an  electrically 
heated  stream  of  hot  dry  air  which  absorbs  the  hydrocarbons  and  carries  them 
off  to  atmosphere . This  air  ia  taoptd  froa  the  air  supply  to  the  turbo  expand- 
er. 

After  the  adsorber  the  liquid  strata  is  fed  to  the  sub-cooling  jackets  of 
the  .liquid  product  pusses  to  prevent  vaporization  of  the  pure  liquid  product  when 
the  pump  is  operating,  and  thus  Keep  the  dubp  efficiency  high.  The  stream  is 
then  directed  to  the  low  treasure  section  of  either  the  nitrogen  or  oxygen  col- 
umn depending  <«n  the  final  nroduct  required. 

The  VADor  phase  is  further  divided  into  two  streams.  One  of  these,  repre- 
senting ?5<  of  the  total  air  feed,  passes  through  the  cold  section  of  the  heat 
exchanger  froa  the  cold  end  to  the  warmer  end,  and  then  feeds  the  turbo  ex- 
pander. The  exhaust  froa  the  expander  joins  the  effluent  waste  air  stream  which 
leaves  the  column  and  enters  the  air  liquefier. 

In  the  case  of  producing  oxygen  the  other  vapor  stream  froa  the  phase  sep- 
arator ia  expanded  through  a valve  froc  high-pressure-air  pressure  to  high-press- 
ure column  pressure,  which  ie  approximately  89  PSIA.  This  vapor  enters  the  high- 
preasure  column  and  is  fed  directly  into  the  condenser  where  all  of  it  is  con- 
densed by  the  product  liquid  oxygen  which  surrounds  the  tubes  on  the  low-prees- 
ure-coluan  side  of  the  condenser.  The  resulting  liquid  ie  expanded  to  low-press- 
ure-column pressure  and  introduced  into  the  low-pressure  column  at  the  top  as 
reflux.  In  order  to  prevent  rare,  inert  gases  such  as  neon,  etc.,  which  are 
found  in  the  air,  and  which  are  not  capable  of  being  condensed  by  the  liquid 
oxygen,  from  blanketing  the  condenser  tube  surfaces  and  thus  i/epair  their  effi- 
ciencies, a stream  ie  drawn  off  from  the  dome  of  the  condenser  and  expanded  into 
the  effluent  waste  air  stream  which  leaves  the  column.  This  non-con£ien««hle 
offtake,  although  very  effective  in  accompli ehlng  its.  purpose,  ie  so  very  small 
in  magnitude  that  it  does  not  enter  into  the  calculations  for  the  material  and 
heat  balances. 

The  low-pressure  column  contains  a number  of  bubbl^cap  Dans  of  conventional 
design,  which  are  fed  at  the  pror.er  points  by  the  expanded  liquid  from  the 
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incoming  high-pressure  air,  and  the  expanded  liquid  froa  the  high-rresaure  col- 
umn. The  liquid  descending  on  these  pans  coses  into  intimate  contact  with  the 
ascending  vaoors  resulting  froa  the  column  feeds  as  well  as  the  varors  from  the 
be'Ung  oxygen  which  surrounds  the  tubes  of  the  condenser.  This  intisata  con- 
tact of  vaoor  and  liquid  on  each  car  results  in  a gradual  vaporisation  of  the 
sore-volatile  constituent,  nitrogen,  and  a condensation  of  the  less-volatile 
constituent,  oxygen.  Sufficient  nans  are  included  in  the  low-pressure  column 
to  ensure  that  the  liquid  withdrawn  from  the  bottom  la  99*  5)^  pure  oxygen.  Be- 
cause the  boiling  noint  of  argon  ia  closer  to  the  fcoilin : soint.  of  oxygen  than 
it  is  to  the  boiling 'point  of  nitrogen,  it  appears  in  the  column  in  the  vicin- 
ity of  the  oxygen,  and  shows  up  as  the  0.5$  impurity  in  the  product  oxygen. 

Since  there  is  only  one  product,  oxygen,  withdrawn  from  the  column,  the 
remaining  cxygen  and  argon  and  all  of  the  nitrogen  leave  the  column  at  the  too  as 
a saturated  vapor.  Thi*  vapor  passes  through  the  oygen  eubcooler  where  it  sub- 
eools  the  product  oxygen  to  prevent  or  reduce  "flaeh"  losses  resulting  froa 
later  expansion.  After  cassing  through  the  eubcooler,  it  combines  with  the  turbo 
expander  exhauet  and  enters  the  air  lique.fier  where  it  liquefies  a portion  of  the 
incoming  high-pressure  air.  From  the  air  liquefier  it  passes  through  the  heat 
exchanger  where  it  both  cools  tha  incoming  air  to  saturation  temperature,  and 
absorbs  the  moisture  and  carbon  dioxide  which  were  deposited  by  the  incoming  air 
during  the  preceding  ten-minute  switch  period.  It  finally  exhausts  to  atmosphere 
through  the  switch  valve. 

The  product  liquid  oxygen  is  withdrawn  fro*  the  bottom  of  the  low-pressure 
column.  It  passes  through  tha  eubcooler  where  it  is  subcooled  by  the  effluent 
waste  air  tc  prevent  or  reduce  Hflash,,l0S5es  resulting  from  expansion  into  the 
reciprocating  oxygen  oump,  or  into  an  external  receiver.  In  the  pump  its  press- 
ure is  elevated  to  4000  PSJO  and  it  is  discharged  through  a heat  exchanger  or 
vaporizer  in  the  discharge  line  of  the  third-stage  blower  where  it  is  warmed  to 
ambient  temperature.. 

In  the  case  of  producing  nitrogen  the  other  vapor  stream  from  the  phase 
separator  is  expanded  through  a valbe  from  high-cressure-air  pressure  to  high- 
pressure  column  pressure,  which  is  approximately  yi,2  PSIA.  The  vaoor  enters 
the  high-pres3ure  nitrogen  column  which  contains  a number  cf  bubble-can  pans  of 
conventional  design.  The  ascending  vcpor  comes  into  intimate  contact  with  liquid 
descending  on  the  pans.  Thie  intimate  contact  of  vapor  and  liquid  on  each  nan 
results  in  a gradual  vaporization  of  the  more  volatile  constituent,  nitrogen  and 
a condensation  of  the  less  volatile  constituent,  oxygen,  which  is  expanded  into 
the  low  pressure  column.  The  ascending  vaoor  enters  the  condenser  where  it  ie 
condensed  to  a liquid  nitrogen  product  by  the  crude  oxygen  product  which  surrounds 
the  tubes  on  the  low  pressure  column  side  of  the  condenser.  As  in  the  cas*  of 
oxygen  productions  small  noncondennable  stream  is  removed  from  the  dome  of  the 
cendensor  to  prevent  blanketing  of  the  condenser  surface. 

The  low  pressure  column  consists  essentially  of  i.  condenser  and  shall.  Tne 
expanded  crude  oxygen  from  the  high  pressure  column  and  the  expanded  liquid  stream 


from  the  nroduet  pantp  rr.cksts  are  introduced  into  the  lew  oresaure  column  aide 
of  the  condenser.  These  stream*  are  vaoorized  by  the  condensing  nitrogen  in 
ths  high  pressure  column  and  the  resulting  vapor  passes  through  naveral  en- 
trainment tray*  above  the  sondsrser  in  the  low  pressure  column. 

The  waste  vapor  fms  the  low  pressure  column  passes  through  the  aubcoolert 
After  passing  through  the  subcooler,  it  combine*  with  the  turbo  expands  exhaust 
and  enter*  the  air  liquefier  where  it  liquefies  a portion  of  the  incoming  high- 
pressure  air*  From  the  sir  liquefisr  it  passes  through  the  heat  exchanger  where, 
it  both  cools  the  incoming  air  to  saturation  temperature)  and  absorbB  the  moia- 
ture  and  carbon  dioxide  which  were  deposited  by  the  incoming  air  during  the  pace- 
ceding  ten-minute  switch  period.  It  finally  exhausts  to  atmosphere  through  the 
switch  valve. 

The  product  liquid  nitrogen  is  withdrawn  from  the  bottom  of  the  condenser. 

It  passes  through  the  aubeeoler  into  the  reciprocating  nitrogen  nuap,  or  into 
an  external  receivar,  In  the  pump  Its  pressure  is  elevated  to  LQC5  PSIA  and  it 
is  discharged  through  a heat  exchanger  or  vaporiser  in  the  discharge  line  of  the 
third-stage  blower  where  it  ie  wanted  to  ambient  temperature. 

Pressure  gauges,  liquid-level  gauges  ar.d  temperature  indicators  are  located 
throughout  the  system  as  necessary  to  serve  as  operating  aids.  In  addition,  all 
circuits  in  the  cycle  are  protected  against  excess  pressure  by  means  of  pop  safety 
valves. 

After  150  cr  more  hours  of  operation,  accumulation  of  moisture  and  carbon 
dioxide  deposits  may  require  that  the  generator  be  defrosted  or  derived.  To 
accomplish  this,  numerous  outlets  are  provided  at  desired  locations  to  vent  the 
defrost  air  to  atmosphere. 

Should  ambient  air  penetrate  the  sir  separator  insulation  Jacket,,  its 
moisture  content  'would  be  deposited  uron  the  cold  surfaces  of  the  components  and 
also  uron  the  cold  fiberglass  insulation.  To  prevent  this,  the  insulation  jacket 
is  put  under  a slight,  positive  pressure  by  rre-r,*  of  a small  stream  of  dry, 
nitrogen- rich  air  which  is  tseped  from  the  turbo  expander  supply  line  and  warned 
ir.  a coil  inside  the  condensate  trap. 
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ELECTRIC  POV.-n  AND  CO'.TRPL 


The  electric  rower  ard  control  circuits  of  this  generator  arc  pictured  in 
figure  5,  /.  i r Products,  I r.c  errors  ted  Drawing  .Vo.  42*  63,  Single  Line  Wiring  Diagram. 

The  electric  sower  required  by  the  product  oumra,  the  hydrocarbon  adsorber 
reactivation  heater,  switch  valve  tiding  control,  and  lighting  is  furnished  by  a 
18.7  Kvn,  120/208  volt,  3' phase,  4 wire,  d 0 cycle  synchronous  generator  with  direct 
connected  exciter  and  automatic. voltage  regulator  ae  an  integral  part  of- its  frame. 
This  alternating  current  generator  is  driven  at  1800  RW  through  a V-belt  drive 
by  one  of  the  diesel  engines  in  the  air  compressing  section. 

Power  is  distributed  throughout  the  trailer  from  a control  center  which  con- 
tains a three-chase  main  service  circuit  breaker  for  the  circuit  from  the  a-c 
generator}- a combination  three-phase  sterter  for  the  nuao  motors:  a three-nhase 
circuit  breaker  and  control  for  the  hydrocarbon  adsorber  reactivation  heater; 
and  branch  circuit  brewers  for  the  120  volt  single  rhase  timing  control,  lighting, 
ar.d  newer  receptacle  circuits. 

Emergency  lighting,  aiara  circuits  for  diesel  engine  cooling  water  and  oil 
pressure  indication,  and  emergency  engine  shut-down  control  are  energized  from 
the  24-volt  d-c  storage  battery  bank  furnished  for  starting  the  diesel  engines. 

This  bank  can  be  charged  by  cne  cf  the  generators  on  either  of  two  of  the  engines. 
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SECTION  III 

THERMODYNAMIC  CALCULATIONS 


The  sources  of  thermodynamic  data  for  this  report  were)  Hiller  4 Sullivan, 

U.  S.  Sureau  of  Hines,  Mollier  Charts  of  19?S;  and  V,  C.  Williams,  Northwestern  - 
University 

The  material  balance  of  this  cycle  is  based  upon  the  following  composition  of 
atmospheric  airs  21f  oxygen,  ’’Sf  nitrogen,  and  If  argon. 

The  term  "standard  cubic  feet  per  minute",  abbreviated  SCFV,  as  used  in  this 
report  means  one  cubic  foot  of  gas  at  the  standard  conditions  of  70°F  and  14.7  P3IA. 


Waste  Air 

(78-x)  Lbs  ^2,  22  Lbe  O2  4 Argon 
1 P3I0  72°F 
H w - Enthalpy 

r Refrigeration  • R 


Liquid  Nitrogen  Drain 
x Lbe  at 

14.7  P3IA  - 3»6F 
% ■ Enthalpy 
Figure  6 Liquid  Nitrogen  Generator  Heat  Balance 


Incoming  Air 

100  Lbs  "at 
100  P3I3,  80°F 
H/>  p Enthalpy 


Heat  Leak  ■ K,L. 


Refrigeration,  R 

The  refrigeration  available  results  from  the  expansion  of  approximately  75f 
of  the  incoming  air  from  112  P5IA  to  21  PSIA.  For  the  expander  to  have  an. ad- 
iabatic efficiency  c?  72*  the  assumed  inlet  temperature  is  -240°F 

z Enthalpy  At  Inlet  Conditions  112  PSIA  -?40°P 

= 104.50  Btu/L'o 


K0  isen  = Enthalpy  at  Expander  Exhaust  for  13Cf  Expander  Efficiency 


35.58  Btu/Lb 


t 


J 


f 


Q 

& 


n 


Ho  act  s Lnthalfy  At  Actual  Exhaust  Conditiena 
•»  90.93  Btu/Lb 

Efficiency  * Hi  - Hn  act  x 100 
Hi  - H0  iaen 

* .*•  .2Qi$3..  x ix  - 71.72C 

104.5-  85. 58  " 11,19 

This  checks  the  anticipated  Value 
2 = Hl  - He  act 
- 104.5  - 90.93 
« 13.57  Btu/Lb 

Since  only  75#  of  the  ineoedng  air  is  to  be  expanded 
a-*  0.75x13.57 

• 10.10  Btu/Lb 

For  100  lbs. 

R - 1010  Bfcu 
Enthalpy  of  Incoming  Air, 

At  the  eonditione  of  100  PS10  4 0O°F  the  heat  content,  of  10 0 lbs.  of  entering 
air  will  be 

HA  s 18,430  Btu 
Enthalpy  of  Liquid  Ritrogen,  ftj 

At  the  eonditione  of  14.7  TSIA  and  -29S°F  the  enthalpy  of  liquid  nitrogen  is 
(Equivalent  of  3.55  ATX  SAT.) 

ft  * 12.02  Btu/Lb 

For  x lbs.  the  heat  content  will  be 

ft  = 12.02  x 

Heat  Leak,  H.  L. 

The  anticipated  heat  leak  is  taken  as 

H.L.  = l.j  Btu/Lb  or  150  Btu  for  100  lbs. 

12 
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Snthaloy  of  the  Effluent  Waste  Air,  Hy 

At  the  conditions  cf  1 FSIC  & 72^  the  enthalpy  of  the  waste  air  is  equal  to 
the  eua  of  the  entiialoies  of  the  constituents 

The  enthalpy  of  nitrogen  at  these  conditions  is 


% - 183.5  Btu/Lb. 

/ » 

Since  78-x  pounds  of  Ng  ere  exhausted  aa  waste  in. this  case 
HN  = 183.50  (78-x) 

H«  ■ 14,313  - 183. 5x  Btu 

The  enthalpy  cf  the  oxygen  under  these  conditions  is 
Ho  a 181. 2C  Btu/Lb. 

Since  all  the  oxygen  is  wests 
Hq  B 22  x 181.20 
» 3,986  Btu 

(V  a Hn  + H0 

■ 14313  - 183.5*  + 3986 
% « 18299  - 183. 5x 

Total  Heat  Balance 

The  total  heat  balance  will  be 

Ha+H.L,  « %+EtHu 

18430+.- 150  w 18299  - 183. 5x  + 12. 02x+  1018 

x * 4.30  pounds  82  prodaced  per  100  oounds  Air 

Since  it  is  impossible  to  get  sufficient  subcooling  lA.QJf  of  the  liquid 
nitrogen  produced  will  flash, 

The  air  required  for  2 tons  ccr  day  liquid  production  is 

Q = 2 < W Dey)  x 2000(Lba)  x A (Dua)  x j /SuFt)  x 1 

^(Ton)  24(Hr  ) 50()tin)  0.0?5(Lbs)  0^430 

3 = 1002  Asmising  a 3%  reversal  less 
Q = 1032  3*7  1035  3CFK 


' ! 
•l 

r 

4 

■ I; 

1 

. 

• i 
< 

i 

j 

1 
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Q'.aiEHATOa  MATSlilAL  B4LANSE 


Point  1-H  Standard  Intake  Conditions  for  Air  Coapresaor 
Pressure 
Tsapsrature 
Fluid  Stats 


Fluid  Flow  Rats 

tfl  a 1035  * 0.075  x 60  x 


14,7  PSIA 


Sun srh sated  Vapor 


• 161.16  Lb  - Hols 
fir 


Composition 


Kq 2 » 0.21  x 161.16 
« 33.avMpJs/Hr 
WR2  s 0.78  x 161.16 
« 125.71  Kols/Hr 
«A  = 0.01  x 161.16 


1.61  Mols/Hr 


Enthalpy 


At  14.7  PSIA  and  ?0°F 
Hi  a 1P2.74  Btu/Lb 
Point  2-H  Disehargs  for  Air  Compressor 


Prassurs 


Temperature 
Fluid  State 


Flow  x Concantration  - Composition 


114.7  PSIA 


Superheated  Vapor 


Fluid  Flow  Bate 

The  & ewitoh  lose  is  eliainated  for  the  purpose  of  calculating 
a heat  balance. 

W2  s 156.02  Kols/Hr 
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Composition 


^2  * 32.76  Mols/Hr 
* 121.70  Mels/Hr 
WA  • 1.56  Mols/Hr 

Bnthalnp 

At  .114.7  PSIA  and  80&F 
H2  = 184.30  Btu/Lb  v 

Point  3-8  High  Pressure  Air  Living  Heat  Exchanger 

Pressure  114.7  PS.TA 

Tenoerature  -272 °F 

The  air  leaving  the  exchanger  will  be  a saturated  vapor  at 
.114.7  PSIA 

Pluid  State  Saturated  Vapor 

Pluid  Flow  Rate  - - 

#3  . 156.02  Kols/Hr 
- ComDOsition 

*02  - 32. 76. Mols/Hr 
WR2  « 121.70  Mols/Hr  - 

Wa  * 1 . 56  Hola/Kr 

t 

► ' - 

Enthalpy 

At  114.7  PSIA  and  -2?2«F 
h3  = 95.79  Btu/Lb 

Point  4-H  High  Pressure  Air  Leaving  Air  Li quitter 

Pressure  114.7  PSIA 

Taap«p*ture  -272°P 

Pluid  State 

The  liquid  requirement  of  the  air  entering  the  liquifier  is  the 
sub  of  the  liquid  equivalent  of  the  produet  takeoff , the  liquid 
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equivalent  of  tha  heat  loss,  and  tha  liquid  equivalent  of  tha  expansion 
loss* 

Product  Liquid  Equivalent 

The  latent  heat  of  nitrogen  at  52,2  PSIA  ie  H ■ 78,00  Etu/Lb 

On  the  basis  of  4.3*  recovery 

H » 3.35  Btu/Lb 

Heat  Loss  Liquid  Equivalent 

HH.L.  * 1.5  Btu/Lb 

Expansion  Loss  Liquid  Equivalent 

The  enthalpy  drop  at  saturated  vapor  conditions  resulting  from 
the  expansion  of  incoming  air  from  114.7  PSIA  to  21  PSIA  la 

*Exp  = 95.79  - 90.93 

* 4.86  Btu/Lb  Since  only  25*  of  tha  incoming  air 

is  to  be  exnandsd 

HKxp  “ 0.25  * 4.86 

HSxp  * 1.22  Btu/Lb 

The  total  liquid  requirement  enthalpy  drop  is 


H *-  ^.O.t  «H.L.t  Hexo 

= 3.35  1.50  t 1.22  .4 

6,07  Btu/Lb 

The  latent  heat  of  vaporisation  of  air  at  114.7  PSIA 
L.H'«  95.79.-  22.61 
8 73.18  Btu/Lb 

Liquid  Requirement  s H/L.H.  x 100 
Liquid  Requirement  8 6.07/73.18  x 100 

* 8,29* 

Hence  the  fluid  state  will  be  8.29*  liquid  and  91.71*  vaoor 
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Composition 

Same  as  Point  3 

V 

^2  a 32.76  Mols/Hr 

WN2  » 121.70  Hols/Hr 

*A  ■ 1.56  Mols/Hr 

Enthalpy 

At  114*7  PSIA  and  -272°F 
■ 89.72  Btu/Lb 

Point  5-H  High  Pressure  Air  Leaving  the  Phase  Separator  and  Entering  the 
Expansion  Valve 

Entering  the  7*8  atmosphere  equilibrium  curve  for  oocygeo  and 
nitrogen  at  -272°  or  104*3°*  for  21  aol  percent  oxygen 

Total  Mels  » Mols  Liquid  4*  Mola  Vapor 

0.,?1  * 0*0829  (0.366)  * 0.9171  (0.196) 

0.21  a 0.0303  * 0.1798 

0.21  0.2101 

Kola  Oxygen  Vapor  » 0.1798  x 156.02 
*<02  ■ 28.04  Mola/Hr 
Mole  Oxygen  Liquid  s 0.0303  x 156.02 
H>2=  4 .72  Mola/Hr 

The  amount  of  air  entering  the  phase  seoarator  which  is  expanded 
into  the  high  pressure  column  through  the  A1  expansion  valves  is 


100 

-75  - 8.29  » 16.715 

Pressure 

• 

114.7  PSIA 

Temperature 

-272°F 

Fluid  State 

Saturated  .Vapor 

Fluid  Flow  Rate 

*5  = 

0.1671  x 156.02 

■ 

26.07  Mols/Hr 
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Ccr.DCfl'.tion 

Wo2  = 26.07  x 0.196 

v 

• 5.11  Kols/Hr 

WA  = 1/21  x 5.11 

- 0.24 

%>  . 26.07  - 5.11  - 0.2 4 

* 70.72  Kola/Hr 

Enthalny 

At  114.7  PSIA  and  -272°P 
R5  = 95.79  Btu/Lb 

Point  6-H  High  Pressor*  Air  Entering  High  Pressur*  Nitrogen  Column 

Pressure  52,2  PSIA 

Taaperature  -262. 5°7 

Fluid  St ete  Superheated  ^Fepor  _ 

Fluid  Flow  Rat*  ~ Same  as  Point  5 

: V6  « 26.07  Kols/Hr  “ 

CoaDosition  Same  as  Point  5 

*0  2 ■ 5.11  Kols/Hr 

a *fi2  * 20.72  Kols/Hr 

*A  = 0.24  Kols/Hr 

Enthalpy 

At  52.2  PSIA  and  -282. 5®F 

r6  ■ 95.79  Btu/Lb  ’ 

Point  7-*  High  Pressure  Air  Leaving  Phase  Separator  and  Entering  Cold  Heat 
Exchanger 

The  pressnre  and  temperature  ere  the  same  as  Point  5 with  the 
flow  and  ccwooeition  proportional  to  the  division  of  the  total  rapt r 
phase  leaving  the  phase  separator. 
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Pressure 


114.7  MIA 

Tesp:erature  -272°? 

Fluid  State  Saturated  Vapor 

Fluid  Flow  Rate 

W?  = 0.75  x 156.02 

= 117.02  Hols/Hr 
Coanosition 

HbJS-s  Total  0^  Vapor  leaving  separator  - Oxygen  to  Colaan 
Wog  * 26.04  - 5.11 
- 22.93  Hols/Hr 
VA  a 1/21x22.93 

* 1.09  Hols/Hr 

Wjjj  = 117.02  - i,09  - 22.93 

* 93.00. Kols/Hr 
Enthalpy  - , 

it  114.7  PSIA  and  -272°F 
H?  • 95.79  Btu/Lb 

Point  g-4  High  Pressure  Air  Entering  Turbo  Expander 


Strea*  7 in  passing  through  the  heat  exchanger  will  undergo  a 
slight  pressure  drop  and  rise  in  temperature,  This  wam-up  will 


increase  the  expander  efficiency. 

Pressure 

112  PSIA 

Temperature 

-240°F 

Fluid  State 

Superheated  Vapor 

Fluid  Flow  Bate 

Same  as  Point  7 

Wg  a 117.02  Kols/Rr 

Coapositicc 

Sane  as  Point  7 

20 

I ADO  TS  5^19  PT  l 

I • 


wc2  * ?2.93  Kols/ffr 
WN2  a 93.00  Kols/Hr 
WA  = 1,09  Kols/Hr  — 

Enthalpy 

At  112  P31A  and  -240°F 
Hg  a 104.50  Btu/Lb 

Point  9-N  Low  Preaeure  Air  Leaving  the  Expander  and  Feeding  the  Low  Pressure  Colusa 

Ho  flow  is  demanded  through  Point  9 since  the  only  purpoee  of  each 
a flow  ia  to  give  advantage  to  the  low  oreasure  column  in  ao  far  as 
oxygen  oreduction  la  doncemed. 


-pint  LO-N  Expander  Exhauat  Stream  into  Air  Uquifier 

Pressure 
Temperature 
Fluid  State 
Fluid  Flew  Rate 

w10  ■ 117,02  Mola/Rr 


21  P9IA 
-306°p 
Saturated  Vapor 
Same  as  Point  8 


Cottoaeltion 


Same  as  Point  8 


*02  a 22.93  Eola/Hr 
%2  ■ 93.00  Kols/Hr 
tfA  ■ 1.09  Kola/ Hr 

Enthalpy 

Point  11-g  Air  8t ream  Feeding  Air  liqatfier 
Freesurt 
Teaperatore 
Fluid  State 
Fluid  Flow  Bate 


90.93 


n psia 
-306*v 
Saturated  Taper 


The  flow  will  be  rtreaa  4 ninua  the  product  take-off 
W11  • 156.02  - 2 x 2000/0.86  x 28  x 24 
Wll  a 149.10  Mole/ Hr 
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Composition 

Referring  to  eoapositions  at  Point  14,  Point  6 and  Point  10. 
W02  = 5.11  *4.72  f 22.93  - 0.04 

« 3?. 72  Hols/Hr 

WM2  ■ 20.72  + 7.99  + 93. 00  -6.84  ' 

= 114.67  Kola/Hr 

tfA  = 0.24  f 0.22  * 1.09-0.04 


1.51  Hols/Hr 


Enthalpy 


Combination  of  Points  19  and  10 


■ a 90,97  Btu/Lb 

149.10  7 

Point  12-W  Air  Leaving  Air  Liqulfier  and  Entering  Cold  Heat  Exchanger 


Pressure 


19  PSIA 


Teaoerature 


All  of  tha  latent  heat  of  the  liquified  air  is  taken  by  this 
stream. 

(95.79  - 69.72)  156.32/149.10  «-  6.34 

6.34^  90.97  »■  97.31  Btu/Lb 
T12  * -283. 6°P 

Fluid  State  Superheated  Vaoor 


Fluid  Flow  Rate 

*12  = 149.10  Hols/Hr 
Composition 

*02  * 32.72  Mols/Hr 
*N2  * 114.87  Xols/Hr 
*A  = 1.51  Kols/Hr 


Superheated  Vapor 
Same  as  Point  11 


3ame  as  Point  11 
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Enthalpy 

At  19  PSIA  and  -283. 6°F  the  enthalpy  ia 
- 97.31  Btu/Lb 

Point  13-W  Waste  Air  Ltaring  Warn  Heat  Exchanger 
Pressure 
Temperature 
. Fluid  State 
Fluid  Flow  Rate 

#13  = 149. 10  Kola/Hr  - — 

Composition 

*02  = 32.72  Hols/Hr 
*H2  • 114.87  Kola/Hr 
*A  s 1.51  Kola/Hr 
Enthalpy 

At  14.7  PSIA  and  72°F . 

H13  = 182.97  Btu/Lb 

Point  14-N  High  Pressure  Liquid  Leaving  Phase  3eoarator 
Pressure 
Temperature 
Fluid  State 
Fluid  .-Floy  Rate 

#14  « 0.0829  x 154.08 

. i 

= 12,93  Kol4/Hr 
Composition 

#02  = 4.72  Hols/P r 

#A  u 4.72  x 1/21 


14.7  PSIA 
72°f 

Superheated  Vapor 
S&ae  as  Point  12 

Saae  as  Point  12 


114.7  PSIA 
-275. 6°r 
Saturated  Liquid 
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Point 


*A  = 0. ??.  Mols/Hr 

Wn2  = 12.93  - 0,22  - 4.72 

*H2  = 7.99  Mols/Hr 

Enthalpy 

At  114.7  PSIA  and  -275.6°?  - 

nl4  =r  ??.<5  Btu/Lb 

;-K  Low  Pressure  Air  Leaving  Expansion  7al»*  and  Entering  Low  Pressure 
Coluawi 

The  liquid  air  is  expanded  to  the  pressure  at  the  top  of  the  low 
pressure  column  at  constant  enthaloy. 


Pressure 


Vanmerature 


21.  PSIA 
-304.3°? 


Fluid  State 


The  exoaneion  of  saturated  liquid  froo  114.7  PSIA  to  21  PSIA 
results  in 

.79.05*  Liquid 


20.95*  Vapor 
Fluid  Flow  Rate 


Saae  as  Point  14 


w15  * 12.93  Mols/Hr 

Cocpoaition 


'02  - 


Enthalpy 


4.72  Hels/Hr 


= 7.99  Mols/Hr 


At  21  PSIA  and  -304.3®? 
h15  = 22.55  Btu/Lb 


me  it  54-19  ft  i 


Point  16  Liquid  Air  Irving  High  Pressure  Column 


Thi3  is  the  result  of  liqui  fiction  of  Stream  6 minus  the  product 
take-off. 


Pressure 
Temperature 
Fluid  State 
Fluid  Flow  Rate 


52.2  PSIA 
-291. 9°F 
Saturated  Liquid 


*16  •- 
Comoosition 


*0?  a 


W* 


26.-07  - 6.7?  * 19.15  Hols/Hr 


5.11  - 0.005  x fMOOjtg = 5,07  Mols/Hr 

24  x 28  x .8t  ' 


20.72  - 6.84  = 13<88 
0.24  - 0.04  = 0.20 


H2  ' 

*A  « 

Enthalpy 

At  52.2  PSIA  and  -291. 9°F 
Hl6  a 12.77  Btu/Lb 

Point  17  Liquid  Air  Entering  Low  Pressure  Column 
Pressure 
Temperature 
Fluid  StAte 


21  PSIA 

-304.3°P 

Liquid  and  Vapor 


The  expansion  of  52.2  PSIA  saturated  liquid  to  21  PSIA 
results  in  90.405?  liquid  and  9.605?  tfapor. 


Fluid  Flew  Hate 

*17  = 19.15  Hols/Hr 

Composition 

Wo 2 c 5.07  Kola/Hr 

Wfa  r 13.88  Hoi e/ Hr 

■ 0.20  Kols/Hr 


Same  as  Point  16 


Same  as  Point  16 
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Enthalpy 

At  21  P33A  and  -304. 3QK 
H1?  = 12,77  Btu/tb 

Point  18  Waste  Air  Leaving  Low  Pressure  Column 

The  waste  air  leaving  the  low  pressure  eoluan  will  be  saturated 
vapor  at  the  pressure  at  the  top  of  the  column. 


21.5  PSJA 
-304. 3°F 
Saturated  _Vapor 


Pressure 
Temperature 
Fluid  State 
Fluid  Flow  Rate 

Stream  18  equals  stream  19  vhif.h  equals  stream  4 minus  stream 

~10  ninus  the  product  take-off 

W18  - 156.02  - 117.02  - 2 x 2000  x 1 

24  x P 8 0.84  (Due  to  product  flash) 

W18  “ 32. OP  Kole/Hr 

Composition 
si 


f 1?  — 

w02  s 5. 07 -A-  4.72  = 9.79  Mols/Hr 


7.99-^13^88  « 21.87  Kols/Hr 

0.22  V-  0.20  * 0.42  Kols/Hr 


"#2  " 

■-  \ *A  s 

Enthalpy 

At  21  PSIA  and  -304. 3°F 
h18  = 91.10  Bfcu/Lb 

Point  19-tf  Waste  Air  Leaving  Subcooler  (Same  as  Pdpfc  18) 

Pressure 

Temperature 


21  PSIA 
-304. 3°T 


«ADC  TR  5U-19  W 1 


26 


Fluid  State 


Saturated  7a do r 


Fluid  Flow  Rate 


32.08  Hols/Hr 


Corooaition 


#02  » 9.79  Hola/Hr 

#K2  * 21.87  KoJe/HP 


0.42  Hola/Hr 


Enthalpy 


As  shown 


h19  = 91.10  Btu/Lb 

Mint  20  Liquid  Nitrogen  Entering  Subcool sr 
Pressure 


Tflcporature 


Fluid  State 
Fluid  Flow  Rate 


Same  as  Point  18 


Same  as  Point  18 


5?.2  PSIA 
-298°F 

Saturated  Liquid 


* s 2 x 2000 

24  x 0.86  x 28 

#20  s 6.92  Hola/Hr  - ■ . _ 

Composition 

¥H2  = 6.92  x 0.99  b 6.84  Kols/Hr 

#02  = 0.04  Hola/Hr 

#A  = 0.04  Hola/Hr 

It  ie  assumed  that  the  impurity  is  equally  divided  be* 
tween  oxygen  and  argon. 

Enthalpy 

At  52.2  PSIA  and  -298°? 


H20  * 12.02  Btu/Lb 
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Point  21-N  Liquid  Nitrogen  Taka-Off 
Pressure 
Tenneratyre 
Fluid  State 

Fluid  Flow  fate 

*21-.  « 6,92  Hols/Hr 
Conroosdtiori 

= 6.84  Mole/Hr 

W0?  = 0,04  Kole/Hr 

*A  s 0.04  Hols/Hr 

- Vapor 

W a o.97  Mols/Hr 

Liquid 

w - 5.95  Kols/Rr 

Enthalpy  — 

At  14.7  PSIA  and  -298°P 
H « 12.02  Btu/Lb 


14.7  P3IA 

-298°F 
143t  Vapor 
06*  Liquid 


1ADC  TR  54-19  FT  1 


Sumary 

The  condition*  calculated  for  the  various  scents  in  the  flow  diasra*  ara 
mi»»ariaed  below. 


&J<gx 

Pres  sere 

l£m± 

Teas, 

iEL 

Composition  (Lb  Kols/Hr) 

02  *2  A Total 

PtUM 

felt  help*’ 

Btu/Lb 

Total 

H««t 

Btu/Hr 

1-N 

14.7 

70 

33.84 

125.71 

1.61 

161.16 

Vapor 

182,74 

851,116 

2-H 

114.7 

80 

3?^76 

121.70 

1.56 

156.02 

Vapor 

184.30 

831,005 

3-* 

114.7 

-272 

32.76 

121.70 

1.56 

156.02 

Vapor 

95.79 

431,915 

4-M 

114.7 

-272 

32.76 

121.70 

1.56 

156.02 

LlqftVap  89.72 

404,546 

5-H 

114.7 

-272 

5.11 

20.72 

0.24 

26.07 

Vapor 

95.79 

72,170 

6-8 

5?.2 

-282.5 

5.11 

20.72 

0.24 

26.07 

Vapor 

95.79 

72,170 

7-8 

114.7 

-272 

22.93 

93.00 

1.09 

117.02 

Vapor 

95.79  .... 

323,950 

8-8 

112,0 

1 

V' 

O 

22.93 

93.00 

1.09 

117.02 

Vapor 

104.50 

353,406 

10-8 

21.0 

-306 

22.93 

93.00 

1.09 

117.02 

Vaoor 

90.93 

307,514 

11 -K 

21.0 

-306 

32.72 

114.87 

1.51 

149.10 

Vapor 

90.97 

392,545 

12-8 

19.0 

-283.6 

32.72 

114.87 

1.51 

149.10 

Vapor 

97.31 

419, 9U 

13-8 

14.7 

72 

32.72 

114.8? 

1.51 

149.10 

Vapor 

182.97 

789,548 

14-8 

134,7 

-275.6 

4.72 

=,  7.99 

0.22 

12.93 

Liquid 

22.55 

8,426 

15-8 

,21.5 

-304.3 

4.72 

7.99 

0.22 

12.93 

LiqWap  22.55 

8,426 

16 

52.2 

-291.9 

5.07 

13.88 

0.20 

19.15 

Liquid 

12,77 

7,06? 

17 

21.5 

-304.3 

5.07 

.13.88 

0.20 

19.15 

Li<|l»«P  12.77 

7,067 

18 

21.5 

-304,3 

9.79 

21.8? 

0.42 

32.08 

Vapor 

91.10 

85,031 

19-8 

21.0 

-304.3 

9.79 

21.8? 

0.42 

32.08 

Vapor 

91,10 

65,031 

20 

52.2 

-298 

0.04 

6.84 

0.04 

6.92 

Liquid 

12.02 

2,329 

21-1! 

14.7  . - 

-298 

0.04 

6.84 

0.04 

6,92 

LLqAfap  12.02 

2,32? 

line  h 5l-i9  rt  i 
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teat  Balance 


For  any  heat  balance  <^n  - *h«re  3 * W(Lbs/Hr)x  h'(Btu/Lb> 


iggg^  Ba,ar 


^in  = ^2  +*  Q7  +%i2  where  Qg  la  corrected  to  allow  for  the  lose  4>e  to 
reversal 

= 831,005  + 323,950  + 419, 914 
= 1,574,869 


Qoufc  e 


a 431,915  +353,406  + 789, 548 
= 1,574,869 


Air  Lictuifler  Balance 
O-ln  « «3  *•  Qu 

= 431,915  + 392,545 
a 324,460 

' — x 

^out  = 34+  Q12. 

r 404,546  + 417,914 
s 324,460 

Phase  Separator  Heat  Balance 
®in  5 Q4  ' 

= 404i546 

^out  s 3 5 +,  Q7  +■ 

= 72,170  4-  323,950  + 8,426 
a 404,546 


WADC  TR  54-19  F?  1 


Qio  3 Qg 


3 353,404 
^out  * 4io  +>  ^vcrk 
- 307,514 +3* 

^writ  » 353,404  - 307,514 


3 45,892 


or 


* IS. 04  H.P. 

Distillation  Colunn  Hast  Balance 

%n  = ^ + ^5  + W t«k 


- 72,170  4-8,426  4*  (156.02  *'i,5  x 28.9) 
= 87,360 
^out  3 Qi'g>.  OgQ 

= 85,031  4-2,329  _ 

= 87,360  ~ 


r 

r 
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Overall  Heat  Balanoe 

Liquid  Oxygen  Production 


Engraft  Air 
100  Lbs  st 
100  p9io,8o«f 
Ha  a Enthalpy 
(Ref,  Pass  12) 


Heat  Leak  s H,i; 
(Ref.  Pag®  12) 


Waite, Air 


79  Lbs  Mp  k Argun,  (21-*)  Lbs  On 
1 PSIO,  72°P  ! 

Hw 


Enthalpy 


Liquid  Oj  Drain 

x Lbs  at  14.7  ■ 
-298 °F 

^0  ° Enthalpy 


Refrigeration  - R 
(Ref.  Pag#  12) 


r.A 


Figure  8 Liquid  Oxygen  Generator  Heat  Balanos 


Enthalpy  of  the  Liquid  0?  Drained,  % 

At  the  conditions  of  14.7  PSIA  and  -298°,'  the  enthaloy  of  the  liquid  Oj  is 

Hq  s 8. 89  Btu/Lb  . . 

For  x.  Lbs.  drained 
Hq  a 8.89*  Bta 

Enthalpy  of  the  Effluent  Waete  Air,  


At  the  conditions  of  1 PSIO  and  72^  the  enthalpy  of  the  waste  air  is  equal 
to  the  sub  of  the  enthalpies  of  the  constituents. 

The  enthalpy  of  nitrogen  at  these  conditions  is 
HHW  = 183.5  Btu/Lb 

All  of  the  nitrogen  contained  in  the  intake  air  will  bs  wasts  thus 
% = 183.5  x 79  - 14,497  Btu 
The  enthalpy  of  oxygen  at  these  conditions  is 

HOW  « 181.2  Btu/Lb 


Si UXl  ® 5^-19  Pb  1 
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The  oxyqen  contained  in  the  waste  sir  will  be 
(21  - x)  Lbs/100  Lbs  oi  Air  Feed 
Hw  » 181.2  (21  - x) 
a J805  - 181,2*  Btu 

Hw  • . 14,497^3,605  - 161. 2x 

fiw  a 18,302  - 181.2*  Bt'tt 


The  total  heat  balance  will  be 
H^y-H.L  ■ -fy  + RtUQ 

18,430+150  » 18,302  - 181.2*  + 1, 018  + 6.89* 

740  * 1?2.31*  - --  " 

x m 4.29  Lbs  O2/IOO  Lbs  Air  Feed 

This  indicates  4.?9*  recovery, by  weight.  For  two  tons  Dor  day  the 
required  air  intake  will  be  • - 

Q . 2 Tone  x 2000  Lbs  x 1 Par*  x i Hr#  x 1.  Cu  Ft  x 1 

Days  1 Ton  24  Hr  60  Kin  0.075  Lb  0,0429 

Q ■ 863  SCra 

Assuming  a 3%  loss  during  reversal 
0.03  x 863  = ?5,9 

Q - 863+25,9  » 889  say  a90  SCFV 

Sines  the  expander  requires  750  SOPH  and  the  compressor*  are  capable  of 
1000  SCFK 


1000  x 24  x 60  x 0.075  x 0.0429 
2000 

Production  = 2,3?  T/D 
0 including  Reversal  Loss  a 1030  SCFH 
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33 


Suraaryj  liquid  Oxygen  Production 

Ag  in  the  liquid  nitrogen  cycle  the  following  points'  ere  the  result  of  the 
thermodynamic  analysis « 


total 


ft,  Wo. 

Pressure 

(PSIA) 

Teem. 

{£21 

Cceposition  (Lfc  Kols/Hr) 

°2  *2 A Total 

Ph^a« 

Enthalpy 

Bln/Lb 

Heat 

Btu/tfr 

*1-0 

14.7 

70 

32.70 

121.45 

1.56 

155.71 

Vapor 

182.74 

822,333 

2-0 

114.7 

60 

32.70 

121.45 

1.56 

155.71 

Vapor 

184.30 

829,354 

3-0 

114.7 

-272 

32.70 

121.45 

1.56 

155.71 

Vapor 

95.79 

431,039 

4-0 

114.7 

-272 

32.70 

121.45 

1.56 

155.71 

LiqStVap  89.22 

401,492 

5-0. 

114.7 

-272 

4.86 

19.85 

0.23 

24.94 

7&por 

95.79 

69,095 

22 

89 

-276 

4.86 

19.85 

0.23 

24.94 

Vapor 

95.79 

69,095 

7-0 

114.7 

-372  _ 

22.77 

92.73 

1.08 

116 ,7e 

Vapor 

95.79 

323,286 

6-0 

112.0 

-240 

22.77 

92.93 

1.08 

116.78 

Vaj>or 

104.5 

352,681 

10-0 

21 

-306 

22.77 

92.93 

1.08 

116.78 

Vapor 

90.93 

306,883 

11-0 

21 

-305 

26.69 

121.45 

1.53 

149.67 

* 

Vapor 

90.56 

390,149 

12-0  - 

19 

-281 

26.69 

121.45 

1.53 

149.67 

Vapor 

97.45 

419,696 

13-0 

14.7 

72 

26.69 

121.45 

1.53 

149,67 

Vapor 

182.97 

788,598 

14-0 

114.7 

-275.6 

5.10 

8.64 

0.24 

13.98 

Liquid 

22.35 

9,111 

15-0 

21 

-304.3 

5.10 

8.64 

0.24 

13.98 

LiqfcVap  22.55 

9,111 

23 

89 

-282 

4.86 

19.85 

0.23 

24.94 

Liquid 

19.18 

13,824 

24 

21 

-304.3 

4.86 

19.85 

0.23 

24.94 

LiqfcVap  19.18 

13,824 

25 

21 

-311.5 

3.92 

23.52 

0.45 

32.89 

Vapor 

86.96 

82,757 

19-0 

21 

-305.0 

3.92 

28.52 

0.45 

32.69 

Vapor 

87.48 

83,248 

26 

21 

-291 

6,01 

0.00 

0.03 

6.04 

Liquid 

11.43 

2,209 

21-0 

14.7 

-298 

6. Cl 

0.Q0 

0.03 

6.04 

Liquid 

8.89 

1,718 

NGTBj  y$  Rerersil  Loss  not  included  in  Point  1 Tatalation 
SADC  TR  5k-i9  FT  1 
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Orerall  Heat  Balance 

Qaaeoue  Nitrogen  Production 

Waste  Air  T 

(78-x)  Lbs  Njf  22  Lbs  O2  4 Argon 
1 PSIG  72°P 
* Enthalpy 

Refrigeration  s R 

(Ref.  Page  12) 

Nitrogen  Product 

“xLbT*rZo&.7  P3IA 
H#  s Enthalpy 

Figure  9 Gaseous  Nitrogen  Heat  Balance 

Enthalpy  of  the  Liquid  H2  Pusped,  HN 

At  the  condition  of' 4014.7  FSIA  the  enthalpy  of  the  puaped  nitrogen  is 
% *i  12.02  atu/tb  . 

For  x Lbs  pimped  

% = 12.02X  Btu 

Enthalpy  of  the  Effluent  Waste  Air,  fy 

At  the  conditions  of  1 P5IG  and  72®?  the  enthalpy  of  the  wsste  air  is  equal 
to  the  suu  of  the  enthalpies  of  the  constituents, 

% = 183.5  Btu/Lb 

- The  nitrogen  contained  ia  the  waste  air  will  be  (76  - x)  LbsAOO  tbs  of 
Air  Feed  thua 

Hjw  a (78-x)  183.5 

s 14,313  - 183. 5x 

The  enthalpy  of  oxygen  at  these  conditions  if 
% = 181.  S Btu/Lb 


Incoalng  Air 
100  Lbs  at 
IOO  PSXO,  80°F 
H*  ..Enthalpy 
(Ref.  Page  12) 

Puap  Input  a Hp 


Heat  Leak  . H.L. 
(Ref.  Pag#  12) 
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AH  of  the  oxygen  contained  in  the  intake  air  will  be  waste  hraoe 
% a 181,2  x 22 
= 3,986  Btu 

“w  = %4-  s 14,313  - 183. 5x +•  3,986 
% . 18,299  - 133. 5x 

Ptiasp  Incut 

It  is  estimated  that  the  ruap  input  to  the  circuit  is  2 H.P,  or 

2 (HP)  x 2544  (Btu  ) x 1 (Hr*.  ) s 30.53  Btu/Lb  H2 

(1  ) (HP-Hr)  lSSTS  ^ h2) 

— Since  there  are  to  be  x Lbs  of  nitrogen  puaped  "per  100  Lba  of  air  feed 
% a 30.53x  Btu 
Total  Heat  Balance 

The  total  heat  balance  will  be  - — - • 

«A  + H.L.  4 Hp  M 

18,430  4-  J.30  > 30.53x  s 18,299  - 183. 5x  4-  1,018  + 12.02x 
18,580  + 30.53x  - 19,317  - 171. 48x 
202. Olx  s 737 

x a 3.65  Lba  Ig/lOO  Lbs  Air  Feed 

This  indicates  a 3.65Jf  recovery  by  weight.  For  two  tons  per  day  the 
required  air  intake  will  be  , 

<5  ■ 2 Tons  x 2000  Lbs  x.i  Days  x 1 Kre  x 1 CM.Tt  x 1 

Day  1 Ton  24  Hr  6?T  Kin  0.075  In  570355 

Q = 1013  SCFM 

Since  # is  aasuaed  to  be  Reversal  Loss 

0.03  x XC15  s 30 

Total  Air  Required  = 1045  3.C.F.K, 
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SuaetAryt  Oaseous  Nitrogen  production  i 

As  in  ths  liquid  nitrogen  cycle  the  following  points  are  the  result  of  the 
tneraodynaado  analysis! 


Pt.Ko 

Pressure 

(P3X.0 

Tenp. 

m 

Composition  (Lb  Xols/Rr) 
®2_  A Total 

Phase 

Enthalpy 

2tu/Lb 

Total 

Heat 

Bta/Hr 

«1-PS 

14.7 

70 

33.19 

123.27 

1.58 

158.04 

Vat>or 

182.74 

859,355 

2-PN 

114.7 

80 

33.19 

123.2? 

1.58 

158.04 

V.»por 

184.30 

341,764 

3-PN 

114.7 

-272 

33.19 

123.27 

1.58 

158.04 

Vapor- 

95.82 

437,624 

4-PM 

114.7 

-272 

33.19 

123.27 

1.58 

158.04 

LiqiVap,  89, 14 

407,123 

5-PK 

114.7 

-272 

4.86 

19.99 

0.23 

25.08 

Vapor 

95.82 

69,451 

6-PN 

52.2 

-282.; 

4.66 

19.99 

0.23 

25.08 

Vapor 

95.82 

;6y,45r 

7-PH 

114.7 

-272 

23.05 

94.38 

1.10 

118.53 

Vaoor 

95.82 

328,268 

8-PII 

112.0 

-240 

23.05 

94.38 

1.10 

118.53 

Vapor 

104.56 

358,183 

10-PN 

21.0 

-307 

23.05 

94.38 

1.10 

118.53 

Vaoor 

90.80 

311,070 

11-PN 

21.0 

-306 

33.16 

117.38 

1.55 

152.09 

Vaoor 

90.96 

399,804 

12-P5 

19.0 

-200 

33.16 

117.38 

1.55 

152,09 

Vapor 

97  .,90 

430,305 

13-FN 

14.7 

72 

33.16 

117.38 

1.55 

152.09 

Vapor 

183*.  04 

804,530 

u-ps 

114.7 

-275.6 

5.27 

8.91 

0.25 

14.43 

Liquid 

22.55 

9,404 

15-PH 

21,0 

-304.3 

5.27 

8.91 

0.25 

14.43 

LiqAVap  22.55 

9,404 

27 

. 21.0 

-304.3 

5.27 

8.91 

0.25 

14.43 

Liq&Vap  34.75 

14,492 

16-PN 

52.2 

-291.9 

4.83 

14.10 

0.20 

19.13 

Liquid 

12.77 

7,060 

17-PR 

21.0 

-304.3 

4. S3 

14.10 

0.20 

19.13 

LiqiVap  32.77 

7,060 

1S-PN 

21.0 

-304.3 

10.10 

23.01 

0.45 

33.56 

Vapor 

91.49 

88,734 

20-PN 

114.7 

-298 

0.03 

5.89 

0.03 

5.95 

Liquid 

12.02 

2,060 

29 

114.7 

-298 

0.03 

5.39 

0.0} 

5.95 

Liquid 

12,02 

2,060 

30 

4014.7 

-298 

0.03 

5.89 

0.03 

5.95 

Vapor 

12.02 

2,060 

N’OTSt  J%  Reversal  Load  not  included  in  Point  1 Tabulation 


Overall  Heat  Balance 


Gaseous  Oxygen  Production 


Air  Intake 


1QO  Lbs  at 
ICO  PSIG,  30«F 
Ha  t Enthalpy 
(Ref.  Page  12) 

Pump  In nut  ° Hp 
(Ref.  Page  3&) 


Heat  Leak  * H.L. 
(Ref,  Page  12) 


Waste  Air 


79  Lbs  ff2,  (21-x)  Lbs  0? 
1 PSIG,  72°F 
Hy  *>  Enthalpy 


Refrigeration  : 
(Ref.  Page  12) 


Oxygen  Product 

x .Lbs  at  4014.7  P3IA 
Rq  » Enthalpy 


Figure  10  Oaseous  Oxygen  Heat  Balance 


Enthalpy  of  the  Liquid  0j>  Pumped,  Hq 

At  the  ccndition  of  4014.7  P3IA  the  enthalpy  of  the  Dumped  liquid  is 
HO  = ».39  Btu/Lb 

For  X Lbs.  Dumped 

H0  = 3.89x  Btu 

Enthalpy  of  the  Effluent  Waste  Air,  Kw 

At  the  conditions  of  72°F  and  1 PSIG  the  enthalpy  of  the  effluent  waste  air 
squalE  the  sum  of  the  enthalries  of  the  constituents. 

The  enthalpy  of  nitrogen  under  these  conditions  is 
HNW  = 183.5  Btu/Lb 

All  of  the  nitrogen  contained  in  the  intake  air  will  be  waste  thus 
RfW  * 183.5  x 79  a 14,497  Btu 
The  enthalpy  of  oxygen  under  these  conditions  is 
HOW  = 181.2  Btu/Lb 


TCACC  Th  H4-19  PI  1 
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The  rxygen  contained  in  the  waste  air  will  bo 
(:i  - x)  Lbs/lOO  Lb:  cf  Air  feed  hence 
«OW  = 181.?  (21  - x) 

* 3,805  - 181. 2x 

H'w  5 HUW  f %„■  b H,4W7  4-  3,805  - 131.2X 
Hy  i 18,302  - 181. 2x  3tu 
Total  Heat  Balance 

The  total  hoat  balance  will  be 

hA+  'H.L.  + Hp  s Hj,  +R  + H0 

;l8,430  + 150  + 30.53X  » 18,302  - 131. 2x  -f  1,018  4>8.89x 
740  b 203.74* 

x = 3.63  Lbs  O2/IX  Lbs  Air  Feed  or  a 3.63^  by  weight  recovery 

The  required  air  intake  for  two  tons  per  day  will  be 

2 « 2 Tons  x 2000  Lbe  x 1 Pays  x 1 Hrs  x 1 Cu  Ft  x 1 

Day  1 Ton  24  Hr  60  Min  0.075  Lb  0 . 03^3 

s 1020  30PM 

Aesuair.g  32  Less  upon  Reversal 
Q s 1050  SC PM 
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Summary:  Gaseous  Oxygen  Production 

As  in  the  liquid  nitrogen  cycle  the  following  points  arc  the  result  of  the 
thenucdy panic  analysis: 


Pt.  No 

Pressure 

ML 

Temp. 

(El 

Composition 
Op  »2 

jjLb  Mole^Hr^ 

Phase 

Enthalpy 

EmU;  w 

Total 

9?*V, 

Wmu/  rli 

*l-PO 

14.7 

70 

33.35 

123.83 

1.59 

150,82 

Vapor 

132.74 

838,758 

2-FO 

114.7 

80 

'<3.35 

123.88 

1.59 

158.82 

Vanor 

184.30 

845,918 

3-PO 

114,7 

-272 

33.35 

123.38 

1.59 

158.82 

Vapor 

95.79 

439,666 

4-FO 

114.7 

-272 

33.35 

123.38 

1.59 

158.82 

Liq&Vap  88.11 

404,433 

5-PO 

114.7 

-272 

4.43 

18.40 

0.21 

23.04 

Vanor 

95.79 

63,782 

22-PO 

89 

-2?6 

n . 43 

18.40 

0,21 

23.04 

Vapor 

95.79 

63,732 

7-PO 

114.7 

-P77 

22.89 

95.14 

1.09 

119.12 

Vanor 

95.79 

.329,764 

e-po 

112 

-240 

22.89 

95. 14 

1.09 

119.12 

Vapor 

104.50 

359,748 

10-PJ 

?1 

-306 

22.89 

95. 14 

1.09 

119.12 

Vapor 

90.93 

313,033 

11-rO 

21 

-305 

28.17 

123.88 

1.56 

153.61 

Vapor 

90.02 

398,193 

12-PO 

21 

-281 

28.17 

s -i a 

4-2.3  . OO 

1 

153.iL 

Vapor 

97.98 

433,426 

13-PO 

14.7 

72 

28.17 

123.88 

1.56 

153.61 

Vacor 

182.97 

809,694 

14-PO 

114.7 

-275.6 

6.03 

10.34 

0.29 

16.66 

Liquid 

22.55 

10,887 

15-PO 

21 

-304.3 

6.03 

10.34 

0.29 

16.66 

Liq&Vat  22.55 

10,887 

28 

21 

-304.3 

6,03 

10.34 

0.29 

16,66 

Liq&Vap  33.11 

15,942 

23-PO 

89 

-282 

4.43 

18.40 

0.21 

23.04 

Liquid 

19=13 

12,771 

24-PO 

21 

-304.3 

4.43 

18.40 

0 = 21 

23.04 

Liq&Vap  19.18 

12,771 

2 5-PO 

21 

-311,5 

5.28 

28.74 

0.47 

34=49 

Vapor 

87.71 

84,703 

19-PO 

21 

-305 

5.28 

28.74 

0.47 

34.49 

Vacor 

88.14 

35,127 

PO 

21 

-291 

5.18 

0.00 

0.03 

5.21 

Liquid 

11.43 

1,906 

31 

21 

-2?8 

5.18 

0.00 

0.03 

5.21 

Liquid 

8.89 

1,482 

32 

4C14.7 

-298 

5.18 

0.00 

0,03 

5.21 

Vanor 

8.89 

1,482 

NOTE:  3?>  Reversal  Loss  not  included  in  Point  1 Tabulation 
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General 

The  equioaert  spscifiCAMona  lifted  below  .^ren  epnaidered  t"1  ntct  the 
requirements  of  the  liquid  oxygen,  nitrogen  generator  from  the  viewpoints  of 
performance,  else,  and  weight.  However,  they  shall  be  subject  to  possible  changes 
resulting  from  final  design  considerations  as  well  as  availability  of  materials. 
The  layout  of  the  equipment  components  within  a semitrailer  is  illustrated  in 
Figure  12. 

S3CTTRAI!i>R 

Description 

Semitrailer  - The  semitrailer  shall  be  a Fruehauf  semitrailer.  It  shall  be 
constructed  so  that  it  is  adaptable  for  towing  by  a standard  Army  truck 
tractor,  and  shall  withstand  the  strains  of  service  encountered  when 
towed  across  the  country  with  full  equipment.  The  'unit  shall  not  exceed 
the  following  dimensions! 

Height!  12  ft.  0 in. 

Widthi  9 ft.  6 in. 

Length:  32  ft.  0 in. 

The  total  weight  of  the  semitrailer  and  equipment  shall  be  approximately 
45,756  rounds,  of  which  apr?r>y_ln3taly  16,150  pounds  shall  represent  the 
weight  of  the  semi trailer.  The -semitrailer  shall  permit  a clear  sweep 
of  70  inches  behind  the  king  pin  for  full  turning.  A standard  SAD  king 
oin  Sh3.il  be  provided  and  shall  be  located  approxi  mately  2? 'inches  back 
of  the  trailer  front  edge  to  permit  the  swinging  of  the  trailer  comer 
through  a clear  space  of  62  inches.  The  trailer  fifth  wheel  Plate  shall 
be  of  sufficient  size  to  fit  a 36~inch  diameter  fifth  wheel  on  the  truck 
tractor  and  snail  be  53  inches  from  a level  ground  surface  when  the 
trailer  floor  is  level. 

Running  Gear 

'Wheels  - The  wheels,  studs  and  cap  nuts  shall  conform  to  applicable  Gov- 
ernment specifications. 

Wheel  Hubs  - The  wheel  hub3  shall  be  fitted  with  tapered  roller  bearings 
of  adequate  size  for  the  required  speeds  and  loads.  Bearings  shall 
conform  to  3AE  standards. 


Tires  - Tires  shall  be  of  the  heavy  duty,  truck-and-bus,  balcon  type,  'with 
nor.dlrectional  mud-and-snow  type  tread. 

Tubes  - Tubes  snail  be  of  the  heavy  duty  tyoe. 
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Brakes 


Service  Brakes  - Sarrica  brakes,  controllable  from  the  drivers  seat  of  tha 
towing  vehicle,  shall  be  provided.  The  drums  shall  have  flanges  or 
ribbing  to  prevent  objectionable  distortion  when  the  brakes  are  atroliad. 
The  brakes  shall  be  of  the  internal  expanding,  two  shoe,  heavy-<kttf  type, 
naving  constant  lift  cams  and  rigid  brake-shoe  anchors,  and  shall  be 
operated  through  fully  enclosed  vost-gnar  type  slack  adjusters.  Brakes, 
anchors,  and  caai'  shall  have  suitable  lubrication  fittings. 

Service  Brake  Controls  (Air)  - All  detail  parts  and  assemblies  of  the  brake 
control  system  shall  be  equal  to  and  interchangeable  with  the  equipment 
manufactured  by  The  Bendix  Westi.nghouse  Automotive  Air  Brake  Ccaoany, 
Elyria,  Ohio,  and  shall  be  installed  in  accordance  with  the  manufacturer* e 
lAtest  recommendations.  The  controls  shall  be  provided  with  standard 
emergency  brcak-away  features.  The  break-away  arrangement  shall  conform 
to  requirements  of  the  Interstate  Commerce  Commission,  The  controls 
shall  be  sealed  in  a manner  that  will  ensure  satisfactory  operation  in 
all  kinds  of  weather,  __  All  chamberis  shall  be  provided  with  drains  on  the 
non-preseurs  side.  Air  hose  connections  sr*  fittings  shall  be  of  the 
replaceable  type  with  spring  protectors.  Air  line  filters  eriail  bo 
provided  in  both  emergency  and  service  lines,  A relay  emergency  exhaust 
chock  valve  and  heavy.'duty  clamping  studs  shall  be  furnished.  The 
standard  air-brake  couplings  shall  be  provided  for  connecting  the  brake 
lines  to  the  towing  vehicle.  A chuny  coupling  shall  be  attached  with  a 
chain  to  each  of  the  air  hose  couplings.  Two ■ detachable  air  hose  lines 
of  proper  length  and  equipped  with  standard  air  hose  couplings,  shall  be 
ffu polled  for  connecting  the  brake  system  to  the  towing  vehicle.  When 
detached,  the  hose  lines,  with  electrical,  connecting  cable,  shall  be 
carried  on  the  generating  plant. 

Perking  Brakes  - In  addition  to  the  air-brake  mechanise,  a ratchet-and-pawl 
type  mechanism,  or  equivalent,  shall  be  orovided  for  operating  and  setting 
the  brakes  by  hand.  This  brake  shall  be  capable  ,'f  skidding  the  wheels 
under  ftj.1  load  cn  a dry,  level,  concrete  pavement.  The  narking  brakes 
shall  he  operated  by  a crank  or  lever  nlAced  in  a suitable,  protected 
position  on  the  right  hand  side  or  rear  of  the  vehicle.  Ho  part  of  the 
brake  mechanism  shall  be  a factor  limiting  the  travel  clearance. 

Landing  Gear  - The  landing  gear  shall  be  of  rugged  construction,  shall  be 
manually  operated,  *trJ  shall  be  so  designed  that  the  whselB  may  be  inde- 
pendently operated  to  serve  as  leveling  jacks.  The  landing  gear  shall 
be  provided  with  a locking  mechanism  to  lock  the  landing  gear  in  any 
position.  Two,  built-in,  screw-typ*  leveling  jacks  shall  be  provided  at 
the  rear  oT  th«i  trailer.  The  jacks  shall  be  dirt-proof  and  self-aligning. 
Suitable  j.tck  planks  shall  be  furnished,  conveniently  mounted  under  the 
trailer, 

Body  - The  'xsdy  shall  be  of  van-type  with  door  and/or  window  openings  designed 
to  afford  the  most  efficient  operating  conditions.  Tha  roof  shall  be 
crowned  for  drainage  purposes,  and  shall  be  made  in  removable  ^actions  or 
provided  with  removable  hatches  to  permit  removal  and  replacement  of 
equiDaerrt  coooonsnts  within  the  van.  The  roofing  material  shall  hare 
sufficient  strength  to  support  & 200  pound  man  walking  thereon.  Suitable 
heavy-duty  drip  moulding  shall  be  provided  around  the  entire  roof. 
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Floor  - The  semitrailer  floor  shill  be  adequate  for  the  equl  pment  loads  arid 
operating  conditions.  When  an  all  metal  floor  is  provided,  it  shall  be 
coated  with  » suitable  non-s'.iid,  plastic  naterial.  When  a wood  floor  is 
provided,  the  wood  for  the  floor  shall  be  either  maple  or  bil’ch,  seoond 
grade,  in  accordance  with  the  National  Mavis  Flooring  Manufacturer »• 
Association  Grading  Rules,  or  osk,  select  grids,  in  accordance  with  the 
National  Oak  Flooring  Manufacturer1 8 Association  Grading  Rules.  Wood 
flooring  shall  be  not  leas  than  l|  inches  thick  and  shall  be  surfaoed 
two  sides  and  tongue-and-groovei.  Floors  shall  b*  chemically  treated  to 
recel  insects.  Flooring  shall  run  lengthwise  of  the  trailer  and  shall 
be  securely  fastened  to  epc\  cross  member  by  means  of  galvanised  weed 
screws  with  heads  countersunk  to  be  flush  with  the  floor.  The  floor  shall 
be  sealed  at  all  joints  with  pitch  or  other  suitable  sealing  compound. 

Doors  &nd/er  Windows  - Doors,  removable  panels  or  hatches  shall  be  provided 
on  the  semitrailer  as  required  for  eemvenienoe  of  operation,  accessibility 
of  plant  components,  and  to  facilitate  removal  of  equipment  for  repair 
and  maintenance,  Windows  shall  be  it-stalled  in  the  van-typi»  body  of  the 
semitrailer  as  required.  Windows  shall  be  glazed  with  shatterproof  glass. 

Steos  - Deraountable-tyoe  steps  ohall  be  provided  for  use  at  the  doors.  Steps 
shall  be  provided  with  suitable  grab  handles  and  non-slip  tread  plates, 
ar.d  shall  be  easily  attached  and  detached  at  the  sill,  Provision  shall 
be  made  for  stewing  steps  Inside  the  semitrailer  when  not  in  use. 

Wiring  - The  vehicle  tihall  be  wired  for  an  electrical  suoply  of  24  volts 

direct  current.  Gable  used  for  wiring  shall  be  snoaeed  in  flexible  non- 
aetallio  tubing.  Terminal  lugs  Shall  be  soldered  to  trie  wire  ends. 
Junction  blocks  shall  have  bases  made  of  thermosetting,  laminated, 
phenol  formaldehyde  plastic,  or  other  squally  suitable  material, ..and  shall 
bs  equipped  with  suitable  studs,  w»eher«’ttnd  nuts  for  the  attsciunent  of 
terminal  luge.  The  circuits  shall  be  oolor  or  number  traced.  Suitable 
groToaets,  or  damps,  to  prevent  chafing  of  cable,  shall  be  furbished  where 
wire  passes  through  structural  members.  A receptacle  with  hinged  cover, 
to  allow  the  running  lights  of  the  semitrailer  to  be  controlled  froa  the 
driver's  seat  of  the  towing  vehicle,  shall  be  recessed  in  the  frame,  A 
cable  to  connect  the  trailer  to  the  towing  vehicle  shall  be  piovided. 

Lamps  and  Reflector  Assemblies  - All  lamps  shall  be  readily  accessible  for  the 
changing  of  bulbs  and  lenses,  and  for  making  repairs.  The  siop  ar.d  tail 
lamps  shall  be  recessed  approximately  £ inch  froa  the  surface  of  the 
frame  member.  The  following  lames  and  reflectors  shall  be  provided  on 
the  vehicle,  located  to  confers  to  Interstate  Ccmerce  Commission  Motor 
Carrier  Safety  Regulationsi 


Roflect  Reflector  (Red  and  Amber)  . 
Receptacle  and  Hinged  Cover  Assembly 
k.H.  Tail  Lamp  Assembly,  24  Volt 
L.H.  Tail  Lamp  Assembly,  ?4  Volt 
Clearance  Lamp  Assembly,  24  Volt 


Semitrailer  Insulation  - The  semitrailer  operating  space  shall  be  insulated 
with  suitable  insulating  material  such  a#  mineral  fiber  bonded  together 
with  a thermosetting  clastic  resin  to  form  a resilient,  semi-rigid, 
dimensionally  stable  insulation,  sealed  in  place  against  moisture 
Infiltration, 
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Eleetrioal  Equipment  - A suitable  number  of  does  l^hts  v<th  necessary  wiring 
and  switches,  ^nd  with  bulbs  of  sufficient  candlepow.tr  shall  be  installed 
to  nrovlda  adequate  light  f or  operating  the  equipment  at  night,  A suf- 
ficient number  of  convenience  outlets  shall  be  provided  for  emergenoy 
drorlight  cords.  An  emergency  auxiliary  lighting  system  sunolied  by 
nower  from  the  ?/*  volt  diesel  engine  starting  battery  bank  shall  be  provided. 

Construction  Design  Methods  - Ail  construction  design  methods  and  materials 
for  all  ©arts  of  the  unit  shall  be  selected  for  the  lightest  possible  end 
item  without  sacrifice  of  dependability  and  strength,  ■ 

i 

l. 

Lubrication  - All  /coving  parts  shall  be  provided  with  suitable  means  of  > 

lubrication,  ' i 

Lubricants  - All  moving  parts  shall  be  designed  to  operate  efficiently  and 
satisfactorily  when  lubricated  with  standard  Armed  Purees  lubricants. 

"A 

Grease  Fittings  - Grease  fittings  shall  be  located  in  accessible,  protected 
positions,  A bright  red  circle  shall  be  painted  around  each  lubricating 
point • i 

■ ‘ ' i 

Caution  Plates  - Where  the  use  of  high-pressure  lubricating  equipment..  1,000  1 

P3I  or  higher,  will  damage  frees e seals  or  other  parts,  a suitable  warning  j 

shall  be  affixed  to  the  equipment  in  a conspicuous  location. 

Fungus  Control  ■-  The  semitrailer  shall  be  treated  to  resist  the  growth  of 
fungus, 

\ 

lifting  Attachments  - The  semitrailer  shall  be  provided  with  suitable  lifting  j 

attachments  to  enable  the  trailer,  with  all  equipment  installed  in  it,  to  * 

be  lifted  in  its  normal  position.  The -lifting  attachment  shall  have  a Jj 

minimum  osfety  factor  of  five  based  on  tfre'Uitimate  strength  of  the  aateri- 
al.  The  eye  of  each  lifting  attachment  shall  be  not  less  than  three  inches  , 

■ in  diameter.  ! 


Manufacturer’s  Identification  - The  semitrailer  shall  bear  the  namufacturor ' s 
name  and/or  trademark  o.\  a name  plats  securely  affixed  in  a conspicuous; 
place.  In  lieu  of  the  name  plate,  the  manufacturer's  identification  may 
be  cast  integral  with,  stamped,  or  otherwise  permanently  marked  uoon  the 
components  of  the  equipment. 

Instruction  Plates  - The  semitrailer,  when  applicable,  shall  be  equipped  with 
instruction  plates,  suitably  located,  describing  any  special  or  important 
procedures  to  be  followed  in  operating  and  servicing  th*  equipment . 

Treatment,  Painting,  and  Stenciling  - All  parts  cf  the  semitrailer  body  and 
running  gear  shall  bo  treated  .and  painted  to  resist  the  offects  of  sand, 
dust,  humidity  and  moist  salt  air. 

Stenciling  - The  gross  weight  of  the  semitrailer  with  all  equipment  installed 
in  it  shall  be  stenciled  on  each  side  of  the  semitrailer  in  such  manner  as 
to  &«  readily  discernible  to  military  personnel.  The  prescribed  tire 
pressure  shall  be  stenciled  on  the  frame  or  body  of  the  unit  in  a position 
near  the  whesle,  using  block-  or  rtencll-type  letters  not  more  than  one 
inch  high. 
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AIR  FILTER 


Desert  ption 


The  air  filter  element  shall  be  s Dellinger  Corporation  staynew  Model 
WKE-A,  dry  panel  type  air  filter,  ooculet'S  wich  cell  frame  and  insert,  The 
filtering  medium  shall  bo  bonded  glass.  Two  elements  shall  be  required.  They 
she1 1 be  mounted  in  a lightweight  steel  duct. 

Specifications 


Nominai  Filter  Element 
Size,  Ins. 

Height  20 

Width  25 

Thickness  4 

Normal  Capacity 

Air  Volume,  CFM  750 

Air  Velocity,  PPH  20 

Maximum  Capacity 

Air  Volume,  CFH  1000 

Air  7elceity,  FPH  40 

Active  Filtering  Area,  9q.  Ft.  25 

Pressure  Drop 

ki  750  GFM  air  Volume,  Ins,  of  Water  0t02 

At  1000  CFM  Air  Volume,  Ins,  of  Water  C.04 

Duct  Size 

Height,  Ins.  20 

Width,  Ins.  14 

Ler'^jth,  Ins.  42 

Approximate  Total  Weight,  Lbs.  125 


AIR  COMPRESSOR  - 

Description 

The  air  compressor  shall  consist  of  three  Read  Standard  Corporation 
"Standardaire'1  blowers Each  blower  shall  be  a three  lobe,  rotary,  positive 
displacement,  axial  flow,  horizontal,  heavy  duty  blower  having  helical  rotors. 
By  compounding  one  Model  SE14,  one  Model  'RIO  and  one  Model  5B10  blower,  1000 
standard  cubic  feet  per  minute  of  air  shall  be  compressed  from  intake  conditions 
of  14.7  P3IA  and  70°F  snd  discharged  as  oil-free  air  ft  114.7  ?SIA,  Each 
blower  shall  be  equipped  with  a shaft  extension  to  provide  a drive  for  an  intar- 
coo], er  or  afteroecler  fan.  This  extension  shall  be  c&cable  of  transmitting  a 
load  of  10  horsepower  to  the  coding  fan  by  either  a ch.rsct  drive  or  through 
the  utie  of  £ V-bslt  drive. 
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rA?h  stage  snail  be  tasted  individually  in  accordance  w-'th  the  American 
3ociety  of  Mechanical  Engineers  Power  Test  Code  (PTC  9-39).  Sash  stage  shall 
be  guaranteed  to  be  within  the  permissible  limit  of  2%  of  the  sn«cificationa 
Hated  below. 

Specifications 


1st  5ta*e 

SaQtraa 

3rd  Staas 

Blower  Model 

8B14 

7B10 

3810 

Speed,  RPH 

233C 

2390 

3220 

Intake  Pressure,  P3IA 

U,56 

30.4 

59.9 

Discharge  Pressure,  PSIA 

31.4 

60.9 

115,7 

Absolute  Presfure  Ratio 

2.16*1 

?.0il 

1.93*1 

Intake  Volume,  CFH 

1100 

556 

277 

Intake  Temperature,  ®Rankine 

530 

560 

560 

Discharge  Tesaperaturs,  °? 

264 

302 

287 

Adiabatic  Horsepower 

60 

56,5 

52.3 

Brake  Horsepower 

102 

103 

99 

Overall  Adiabatic  Efficiency,  % 

59 

, 55 

53 

Direction  of  Rotation,  Viewing  Driveshaft 

End 

Clockwise 

Clockwise 

Clockwise 

Approximate  Size 

45-3/3 

Length,  In.  . . 

41 

41 

Width,  In, 

26-5/3 

24-5/3 

20-1/2 

Height,  In. 

24-3/4 

22-1/2 

17-1/4 

Approximate  Weight,  Lbs, 

1227 

950 

710 

INTERCOOLERS  AND  AFTER  COOLER 

Description 

The  intercoolers  and  afterccoler  shall  be  Trane  Company  coolers,  They 
’ shall  be  of  all  aluminum  construction.  The  cooling  air  face  shall  measure 
20-5/?  inches  by  32  inches,  and  the  coding  air  flow  length  shall  be  10  inches. 


iJoeclfi  cations 

1st  Stage 
Cooler 

2nd  Stage 
Cosier 

3rd  Stage 
Cooler 

Duty,  Btu/Hr 
Hot  Air  Side 

235,000 

270,000 

235,000 

Flow,  tbs/Hr 

4,500 

4,500 

4,300 

Inlet  Temperature,  °F 

264 

302 

287 

Outlet.  Temperature,  °P 

90 

90 

90 

Inlet  Pressure,  PSIG 

16.7 

46.7 

101.0 

Pre8surs  Drop,  P3I 

0.49 

0.30 

0.2 2 

H y,  Stu/Hr,  Sq.ft,,  °F 

27.8 

27.8 

27.8 

ffumfcer  of  Passages 

74 

24 

24 

Flow  Length,  In, 

IS 

32 

32 

Fin  Type 

l/tf  In.  Serrated 

l/8  In,  Serrated 

1/8  In.  Serrated 

Fin  Height  x Thickni'ss, 

In.  0.375  x 0.006 

0.375  x 0.006 

0.375  x 0.005 

y Sensible  heat  transfer  coefficient  corrected  for  fin  efficiency. 
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1st  Stage 

2nd  Stage 

3rd  Stage 

Cooler 

Cooler 

fioalsn  - 

Fir,  Spacing,  Par  In. 

12 

12 

12 

Totnl  Surface,  Sq.  Ft, 

541 

541 

541 

Air  Inlet  Connection  3iza,  In. 

6 

4 

Air  Outlet  Connection  Size,  In 

6 

4 

3 

Air  Blowdown  Connection  Size, 

In,  2 

1-1/2 

1-1/4 

Cooling  Air  Side 
Flew,  Lbs/Hr 

13,500 

13,500 

13,500 

Inlet  Temperature,  °F 

SQ 

' 80 

80 

Outlet  Temperature,  °F 

15?.3 

163.1 

152.3 

Pressure  Drop,  Ins.  Water 

4.24 

4.28 

4.24 

H,  Btu/Hr.,  Sq.  Ft.,  °? 

22.9 

2?.9 

22.9 

Number  of  Passages 

25 

25 

?5 

Flow  Length,  Ins. 

10 

10 

10 

Fin  Type 

Herringbone 

Herringbone 

Herringbone 

Fin  Height  x Thiokness,  Ina. 

0,416  x 0,006 

0.416  x 0.006 

0.416  x 0.00< 

Fin  Soacing,  Per  In. 

17 

17 

17 

Total  Surface,  Sq,  Ft. 

850 

850 

850 

Approximate  Total  Weight,  Lbs. 

120 

120 

120 

INTER-  AND  AFTER COOLER  FANS 


Description 

The  inter-  and  aftercofler  fane  e'nali  bs  Trane  Company  centrifugal  fans  with 
the  blades  inclined  backward  to  the  direction  of  rotation.  They  shall  be  of  single 
width  and  shall  hare  single  inlets.  They  shall  be  of  lockseax-type  construction, 
with  convertible  discharge  orientation,  and  with  standard  steel  shafts. 

Specifications 


M_§t«£e 

2nd  Stage 

3rd  Stage 

Fan  Model 

16  BZ  SWSI 

16  BZ  SWSI  13  BI  SWSI 

Fan  Size 

16 

16 

13 

Fan  Arrangement 

2 

2 

2 

Fan  Class 

II 

it 

II 

Wheel  Width,  % 

35 

80 

95 

Fan  Speed,  RFM 

2330 

2390 

3220 

Direction  of  Rotation  Viewing  Driveshaft 

End  Clockwise 

Clockwise 

Clockwii 

Delivery,  CFH 

3465 

3525 

3465 , 

Static  Pressure,  Ins.  of  W&tar 

4,24 

4.28 

4.24 

Brake  Horsepower 

3.28 

3.42 

3.69 

Orientation  of  Discharge 
Approximate  Size 

Up  Blast 

Up  Blast 

Up  Blasi 

Length,  In. 

28-3/4 

28-3/4 

26-1/8 

Width,  In. 

31-3/4 

31-3/4 

26 

Height,  In. 

33-3/8 

33-3/8 

27-5/8 

Approximate  Weight,  Lbs. 

88 

86 

70 
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DIESEL  ENGINE 


Diesel  Engine  Horaenower  Requirements 

In  this  generator,  the  blowers  and  inter-  and  aftereoclar  fans  of  each  stage 
are  direct-driven  in  tandem  by  separate  diesel  engines  tftrough  suitable  trins- 
ainsions.  In  addition,  a 18.7  Iva,  120/20B  volt,' 3 phase,  60  cycle  elcetrioal 
generator  1b  belt  driven  by  the  third-stsge  diesel  engina.  The  following  table 
i.i  a compilation  of  the  anticipated  brake  horsepower  loads  on  the  individual 
diesel  engines  required  to  drive  these  comDonentsr 


Stage  _ 

Brake  Horsepower 

Blower 

Transmission 
Loss  - .2  to  4l 

Intercooler 

Pap 

Eieotrio 

Generator 

Total 

list  Stage 

102 

3.57  - 

3.28 

108~.fi  5 

2nd  Stage 

103 

3.60 

3.4 2 

110.02 

3rd  Stage 

99 

3.46 

3.69 

11,0 

117.15 

Description 

The  three  diesel  engines  shall  be  General  Motors  Corporation  two  cyole;  six 
cylinder,  radiator-cooled,  short  baee,  onen  diesel  engines,  Series  6-7?.,  Model 
6030C . 

Spool fl cat ion a 


Engine  Model  Number  603CC 
Engine  CM  6-71  PC 55 

2-Cyole  Diesel 

Number  of  Cylinders  6 
Bore,  In,  4-1/4 
Stroke,  In.  1 5 
Total  Displacement,  Cu.  In.  f 425*6 
Rated  BHP,  Basic  Engine  at  200  RFM  200 
Rated  BHP,  with  Standard  Equipment  at  1800  RFM  153 
Continuous  BHP,  with  Standard  Equipment  at  1800  RPM  138 
Continuoue  ESiP,  with  Standard  Equipment  at  1600  RPM  130 
ISffiP,  Continuous  Rating  at  1800  RFM,  PSI  71 
BMEP,  Continuous  Rating  at  1600  RPM,  PSI  75 
Maximum  Torque,  1000  RFM  (60  Cu,  MM,  Injeotor),  Lb  Ft  526 
Piston  Speed  at  1800  RPM,  mi  1500 
Piston  Speed  at  1600  RPM,  FFH  1333 
Compression  Ratio  16 il 
Lubrication  Forced  Feed 
Plywheel  Housing  Size  Bo.  1 SAS 
Maximum  Fuel  Pump  Lift  to  Pue.l  Pump  Level,  In.  48 
Heat  Absorbed  by  Cooling  Water  (Per  HP  at  Ambient 

Temperature  of  U0°F)  Btu/HP/ta.n.  35 
Air  Required  for  Scavenging  arid  CoMbustion  at  1800  RFM,  CFM  600 
Exhaust.  Back  Pressure  (Maximum  at  Hard f eld  Flange  at  1800  RFM),  2h.  Kg.  4 
Lubricating  Oil  Refill  Capacity,  Including  Filter(s),  Qt,  29 
Cooling  ter  System  Capacity,  Gal.  8-3/4 
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Approximate  Size 
Length,  In. 

Width,  In. 

Height,  In. 

Approximate  Weight,  Dry,  Lbs, 

Standard  S^dlpcent 

Rotation  - Counterclockwise,  viewing  flywheel  end. 

Cooling  System  - heavy  duty  radiator,  lubricating  oil  aoniar,  water  outlet, 

manifold,  thenaontat  for  temperature  control,  engine  water  circulating  pump, 
suction  type  fan,: 

Fuel  System  - Primary  and  secondary  fuel  filters,  tQ  eu.  on,  injectors,  fuel 
oiroulating  pump. 

Lubrication  System  - Lubricating  oil  pressure  pump,  oil  filter  aeiee'^y. 

Instruments  - Instrument  Panel  Assembly  inoludast  Starter  switch,  acsastar, 
lube  oil  pressure  gauge,  water  temperature  gauge,  thrcttle  control  knob, 
remote  control  lever  and  space  for  accessory  air  heater  controls  and 
tachometer. 

Miscellaneous  - Fabricated  steel  bass,  hydraulic  type  governor  with  control  on 
instrument  panel,  exhaust  manifold  and  companion  flange,  tools  Tor  ordinary 
maintenance,  manual  for  minor  maintenance  and  operating  instructions. 

Optional  Equipment 

Electrical  - Battery  charging  generator  and  voltage  regulator  assembly  (24  volt, 
600  watt  insulated)  starting  motor  (24  volt,  insulated). 

Kiscallaneous  - Air  inlet  housing  for  remotely  mounted  extra  capacity  air  cleaner, 
Donaldson  extra  heavy  duty  oil  bath  type  air  cleaner. 

Accessories 

Automatic  Bsll  Alarm  for  high  water  tsaoorature  and  low  oil  pressure,  air  heater 
and  pump  for  cold  weather  starting,  lS-ineh  flexible  exhaust  connection  with 
pipe  thread  ends,  unmounted  naif  flap  for  moderate  silencing. 


DIESEL  EHDINE  TRAHSMISSIOH 

Description 

The  diesel  engine  transmission  shall  be  a Cotta  Transmission  Company  Model 
f AAU-R  Transmission  equipped  with  en  SA2  So.  1 bell  housing  and  Rockford  single 
plate,  14* , over-center  clutch.  It  shall  be  complete  with  pilot  bearings  and 
oil  circulating  pump.  The  transmission  shall  be  so  designed  and  constructed, 
that  it  is  capable  of  attachment  and  connection  to  a General  Motors  Model  603CC 
Series  6-71  RC55  Diesel  Engine  without  modification.  The  transmission  bell 


W 

VI  ■ 


r- 


r-r 

r 


*5 

A 

fv 

i: 


62-13/16 

3,1 

49-1/3 

2600 


' WAX  TR  54-19  FT  1 


50 


[rr> 


housing  shall  bo  fabricated  with  a clutch  operating  shaft  extending  through  And 
to  the  outside  on  both  right  arid  loft  hand  aides  of  this  bell  houaing  to  provide 
for  optional  location  of  a clutch  operating  levera 


Bonifications 


Horsepower  to  b*  Transmitted,  Minimum 
Input  Speed,  RF Y (Anoroxiraate) 

Output  Spaed,  RPM  (Approximate) 
Overapeed  Ratio 

Transmission  Sfficiiney,  Per  Cent 
Type  of  Duty 

Direction  of  Rotation,  Viewing 
Output  Shaft 
Approximate  Size 
Length,  In. 

Width,  In. 

Height,  In. 

Approximate  Weight,  Lba, 


Unit  No.  1 

Unit  No,  2 

Unit  Ko.  ' jl 

let  Staae 

2nd  Stase 

3rd  Stage 

100 

ICO 

100 

15&0 

1620 

1600 

2330 

2390 

322C 

1.476(1 

1.476il 

2.012 

96  to  98 

96  to  98 

96  to  98 

Continuous 

Continuous 

Continuous 

Counter- 

Counter- 

Count  ex*- 

Clockwise 

Gloakviae 

Cloufcwiee 

34 

34 

34 

22 

22 

22 

24 

24 

24 

630 

630 

630 

DIS3EL  EWO-INE  STARTING  EATT£RT 


Description 

The  dieael  engine  starting  battery  ehall  be  a Deice  Product*  Division  of 
Oeneral  Motors  Corporation  Heavy  Duty,  Model  25A1,  Six-Volt  Storage  Battery. 

The  battery  shall  have  three  lead  and  acid  type  cells  enclosed  in  a composition 
rubber  case.  For”  of  these  batteries  shall  be  connected  in  series  to  generate 
the  24  volts  necessary  to  start  the  diesel  engines.  , 


Specific, itl.ona 
Capacity 

200  Amo“re  Hours  at  20  Hour  Rating 
150  Ampere  Hours  at  4 Hour  Rating 


Delivery  Rates 

50  Amperes  for  17 5 Minutes  at  S0°F 
3CO  Amperes  for  11  Minutes  <?t  0°F 
820  Amperes  for  1,5  Minutes  at  O'5? 
1060  Amperes  for  1.5_  Minutes  at  3;?°F 


At  the  above  rates  the  battery  shall  be  depleted  to  aa  average  of  one  volt 
per  cell. 


Approximate  Size 


Length,  In. 

16-1/2 

Width,  In. 

7-1/2 

Height,  In. 

10 

Approximate  Weight,  Lbs. 

80 

VVAI 
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DIESEL  ENGINE  FUEL  Oil,  SUPPLY  TANK 


Calculgtion  of  Slae 

In  accordance  with  the  contract,  the  fuel  supply  tank  shall  have  a minimum 
capacity  for  12  hours  of  continuous  oDeratior.  for  the  generator  at  full  load, 

Specific  fuel  floncuaptions 


Firat-Stage  Engine  at  108.85  BHP,  1600  RPK  7.14  GPH 
Second-Stage  Engine  at  110.02  B®,  1600  RPM  7.23  QPH 
Third-Stage  Engine  at  117.15  BHP,  1600  Rrti  7.68  CPH 

Total  22.05  GPH 


Capacity  Required 

Vpeq'd  ■ 22.05  |0*l|  x 12  (Hfa) 

• 265  Gale. 

Dee  s 275  Gale. 

For  the  trailer  which  is  9 feat  6 inches  wide,  * steel,  cylindrical  fuel  tank 
8 feet  10  inches  long  ohall  be  straoped  beneath  the  floor  of  the  air  source 
section. 

vcyl  ■ 77  &i2  (cross  sectional  area)  x U (length) 

V 

*lso 

7cyl  = 275  (Gals)  x 231  (Cu  In) 

( 0*1  ) 

Di2  ■ 275  x 231  x 4 

x 15? 


* 27.68  Ins.  Use  27.75  Ins. 

Specifi cation? 

Ineid*  Diameter,  In. 

27.75 

Length,  In. 

106.0 

Thickness,  In. 

1/8 

Capacity,  Gals, 

275 

Weight,  Dry,  Lbs, 

360 

Weight,  Wet,  Lbs. 

2310 
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AIR  COMPRESSOR  CONDENSATE  TRAP 


Description 

The  air  compressor  condensate  trio  ah, til  be  fabricated  by  Air  Product a, 
Incorporated,  It  shall  have  a tangential  aide  inlet  and  a bottom  outlet.  It 
shall  have  a condensate  drain  connection  at  the  lowcet  point  in  the  bottom 

head, 

Specifications 


Material  Steel 
Shell  Length,  Ins.  JO 
Shell  Disaster,  Ins,  10 
Shell  Thickness,  Ins,  1/li 
Head  Diameter,  Ins,  10 
Head  Thiekneea,  Ins.  l/8 
Head  Height,  Ina,  4 
Inlet  Connection  Size,  Ins,  4 
Outlet  Connection  Size,  Ire.  4 
Condensate  Drain  Connection  Size,  Ins,  1 
Kaxiaua  Working  Pressure,  PSIO  100 
Approximate  Weight,  Lbe.  50 


SWITCH  VALVE 

Description 

The  switch  valve  shall  be  manufactured  by  Air  Products,  Incorporated, 

It  shall  be  a double  poppet-type  valve  having  a carbon  steal  body  and  stainless 
steal  stem.  It  shall  have  two  4~ineh  high  pressure  air  inlet  conneotionsj 
one  5-lneh  waste  air  outlet  connection}  and  tvo  5-inch  connections  common  to 
both  the  high  pressure  air  outlet  and  the  waote  air  inlet.  The  switch  valve 
shall  be  actuated  by  a Logansport  Machine  Company,  Incorporated  non-rotating, 
doubla-actir.g  air  cylinder,  Model  No.  2106$.  The  air  cylinder  shall  have  a 
6-inoh  bora,  A- inch  stroke  and  l/2  inch  iron  pipe  size  air  connections.  The  air 
cylinder,  in  turn,  shall  be  controlled  by  a Bellows  Company  four-way  solenoid 
air  valve.  Model  No,  SV-15B  SLeotroaire  Valve,  having  a 115/8  volt  transformer 
and  1/2  inch  iron  pips  size  air  inlet  connection.  The  solenoid  valvs  shall  be 
air  poweroc  and  shall  be  actuated  in  both  directions  by  low-voltage, ' racmentary- 
energizad  solenoid  coils.  It  shall  have  an  operating  pressure  of  50  ?SIC,  and 
ahall  have  adjuetaents  provided  to  limit  the  speed  of  the  control 
cylinder  in  both  directions. 


WARN'  HEAT  EXCHANGER 

Description 

The  wa:nn  h.«at  exchanger  shall  be  a Trane  Company  bn  zed  aluminum  core  type 
heat  exchanger. 
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Specifications 


Core  Site 

17  in,  passage  width  over  channel* 

20-7/8  in,  no  flow  (passage  stack  height) 

8S-1/2  in.  core  length  over  face  channels 

Core  Passages 

SO  passages  per  core  shall  be  he&de^ed  into  Z stream  of  25  passage*  each 
16-1/2  in.  width  inaids  channels 
0.375  in.  nominal  passage  Hc-ight 

Fits 

Trane  1/8  in.  serrated 
0.375  in.  nominal  haight 
IS  fins  per  inch 

0.003  in.  thickness  , 

81  in.  effective  heat  transfer  length 

Distribution 

Provision  ah»  ' be  made  for  ga>  distribution  at  Siich  end  of  a passage. 

Headers 

The  headers  shall  be  fabricated  from  standard  5 inch  38?  aluminum  pipe. 

Shell 

External  parting  sheets  and  1/4  ineh  protective  pads  shall  be  providad  on  each 
core,  one  on  each  side  of  20-7/8  inch  no  flow  (passage  stack  height). 

Supports 

Suoport  boxes  and  angle*  shall  be  provided  at  each  end  of  the  core. 


Material  Thickness,  Inohea 


Outside  Core  Sheets  - 

.064 

farting  Sheets 

.032 

Sid*  Channels 

,040 

Top  Header  Channels  - 

.064 

side  Preteetlcr.  Kn  - 

.008 

Packing  Fin 

.008 

Distributor  Fin 

.024  Perforated 

Tests 

The  sore  shall  be  subjected  to  hydrostatio  arid  air  pressure  tests  to  oheok 
for  interpassage  and  external  leakage.  The  core  shall  be  guaranteed  to  be 
satisfactory  at  a maxiaua  working  pressure  of  100  PSIO, 


COLD  HEAT  EXCHANGER 


Description 

The  cold  heat  exchanger  shall  be  a Trane  Company  brated  aluminum  core  type 
heat  exchanger. 

aBsgiXifiiiisa& 

Core  Site 

17  in.  pansage  width  over  channala 
20-7/8  in.  no  flow  (passage  stack  height) 

80-1/2  in.  core  length  over  face  channels 

Core  Passages 

50  passages  per  cere  shall  be  headered  into  3 streams  of  20,  20,  and  10 
passages  respectivaly. 

16-1/2  in.  width  inside  channels 
0.375  in.  nominal  p ssage  height 

Pins 

Trane  1/8  in.  serrated 

0,375  in.  nominal  height 

15  fins  per  inch 

0.008  in.  thickness  1 

73  in.  off satire  heat  transfer  length 

Distribution 

Provision5  shall  be  made  for  gas  distribution  at  each  end  of  a passago  . 


Headers 

The  headers  shall  be  fabricated  from  stondard  5 inch  3SF  aluminum  pipe. 

Shell 

External  parting  sheets  and  1 //,  inch  orotsotire  pads  shall  be  provided  on  each 
core,  one  on  each  side  of  20-7/8  inch  no  flow  (paeeage  stack  height). 


Supports 

Support  boxes  and  angles  shall  be  provided  at  each  end  of  the  sore. 


Material  Thickness,  Inches 
Outside  Core  Sheets  - 
Parting  Sheets 
Side  Channels 
Top  Header  Chaanelu  - 
Side  Protection  Pin  - 
Packing  Pin 
Distributor  Pin 


.064 

.032 

.040 

.064 

.008 

.008 

.024  Perforated 


Testa 

The  core  •?  ill  be  subjected  to  hydrostatic  und  air  pressure  tests  to  cheek 
for  interpassage  and  external  leakage.  The  core  shall  be  guaranteed  to  be 
satisfactory  at  a maximum  working  pressure  of  100  PSIQ, 
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Description 

The  air  liouafiar  shall  be  a Trane  Company  braeed  aluminum  core  type  heat 
exchanger. 

ScaoificaUcfif 

Cora  Size 

&-3/k  in.  rahsek*  width  over  channels 

12- 3/4  in.  no  flow  (passage  spack  height) 

51-1//.  in.  core  length  over  face  channels 

Core  Passages 

30  passages  per  oore  to  be  headered  into  2 streams  of  20  and  10  passages. 
16-1/2  in.  width  inside  channels 
0,375  in.  nominal  passage  height 

Pins 

Trana  1/8  in.  serraZKi 
0.375  in.  nominal  oaasage  height 
15  fins  per  inch 
0.008  in.  thickness 

13- 3/4  in.  effective  heat  transfer  length 
Distribution 

Provision  ahall  be  made  for  gas  distribution  ot  each  end  of  a passage^ 

1 

Headers 

The  headere  shall  be  fabricated  from  standard  3 and  5 inch  3SF  aluminum  pipe. 


Shells 

External  parting  sheets  and  1/4  inch  protective  pads  shall  bs  provided  on  each 
core,  one  on  each  side  of  12-3/4  inch  no  flow  (passage  stack  height). 


Supports 

Support  boxes  and  angles  shall  bs  provided  at  each  end  of  the  core. 


Material  Thicknesses, 
Outside  Core  Sheets 
Parting  Sheets 
Side  Channels 
Top  Header  Channel* 
Side  Protection  Fin 
Packing  Pin 
, Distributor  Fin 


Inches 

- .064 

- .032 

- .040 

— ,064 

- .008 
- .008 

- .024  Perforated 


Tests 

The  core  shall  be  subjected  to  hydrostatic  and  air  pressure  tests  to  check 
for  interpassage  and  external  leakage.  The  core  shad  be  guaranteed  satis- 
factory at  a maximum  working  pressure  of  100  PSIG, 
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CHSCK  VALV5 


Description 

The  check  valve  a hall  be  manufactured  by  Air  Product*,  Incorporated.  It 
■hall  be  a double  poppet-type  valve  of  stainless  steel  construction.  In  one 
end  it  shall  have  on a 4-inch  high  pressure  air  outlet  connection;  in  the 
opposite  end  It  shall  hare  one  5-ir.oh  waste  air  inlet  connection j and  in  the 
aide  it  8 hall  have  one  5-inoh  connection  common  to  both  the  incoming  high 
pressure  air  and  the  effluent  waste  air,  Hie  oheok  valvs  shall  measure 
approximately  14  inches  in  length  and  shall  weigh  approximately  125  pounds. 


F 


i 
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PHA3S  SEPARATOR 


Deaoriation 

The  chase  separator  shall  be  manufactured  by  Air  Products,  Inooroonted. 

It  shall  be  provided  with  a tangential,  side,  air  inlet  connection,  a top  vapor 
outlet  connection,  and  a bottca  liquid  outlet  connection.  In  addition,  the 
phase  separator  shall  be  provided  with  connections  to  accraaaodate  a liquid  level 
6*S«« 

Specific at ions 

Model 
Material 

Shell  Length,  Ins. 

Shell  Diuaeter,  Ins. 

Shell  Thickness,  Ins. 

Head  Diameter,  Ins. 

Head  Thickness,  Ins. 

Air  Inlet  Connection  Size,  Ins. 

Vapor  Outlet  Connection  Size,  Ins. 

Liquid  Outlet  Connection  Size,  Ins,. 

Upper  Liquid  L*^el  Gage  Connection  Siae,  Inc, 

Maximum  Working  Pressure,  PS 13 
Approximate  Overall  Length,  Ins, 

Approximate  Weight,  Lbs, 


TURBO  EXPANDS 

Description 

The  turbo  extender  shall  be  an  Air  Products,  Incorporated  hi^h=spccd, 
centrifugal,  expander,  equipped  with  an  air  loaded  energy  absorber  complete 
with  lubrication  systss. 


41490D 

Copper 

24 

8-1/8  O.D. 

0.170 
8-1/8  I.D. 
1/4 

3-1/8  O.D, 
3-1/8  O.D. 
5/3  O.D. 
5/8  O.D. 
100 
32 
53 
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Specifications 


The  turbo  expander  sliall  be  designed,  built,  and  guaranteed  to  operate 
satisfactorily  under  the  following  conditions i 


Fluid  Air 
Flow  Rate,  Lb/Hin  54.6 
Inlet  Pressure,  PSIA  112 
Exhaust  Pressure,  P3IA  21 
Inlet  Temperature,  OF  -240 
Exhaust  Teoperature,  ®?  -306 
Approximate  Weight,  Lbs.  160 


i2P ANDES  LOADER 

Description 

Tha  expander  loading  device  consists  of  a centrifugal  impeller  keyed  to 
the  expander  shaft.  The  impeller  rotates  at  the  same  soeed  as  the  expander 
wheel  and  imparts  the  shaft  energy  to  the  fluid  being  uuaped,  The  amount  of 
power  which  is  absorbed  ie  proportional  to  the  quantity  and  density  of  the 
pumped  fluid.  Thia  is  controlled  by  a valve  which  adaita  the  fluid  to  the 
inlet  of  tha  loader. 


HYDROCARBON  ADSORBER 


Description 

The  hydrocarbon  adsorber  shall  be  an  Air  Products,  Incorporated,  silica 
gel  type  adsorber,  Model  No.  41510D.  It  shall  consist  of  a pressure  vessel 
having  top  inlet  and  bottom  outlet  connects.  The  pressure  Vessel  shall  be 
charged  with  silica  gel.  It  shall  be  provided  with  filters  to  keep  foreign 
particles  from  entering  and  silica  gel  from  leaving  the  adsorber. 

Specifications 


Pressure  Vessol 


Material 

Copper 

Shell  Length,  Ins. 

36 

Shall  Diameter,  Ins. 

8-1/8  O.D, 

Shell  Thickness,  Ins. 

0,170 

Head  Diameter,  Ins. 

8-1/8  I.D. 

Head  Thickness,  Ins, 

1/4 

inlet  Connection  Size,  Ine, 

5/8  O.D, 

Outlet  Connection  Size,  Ins. 

5/a  O.D. 

Maximum  Working  Pressure,  PSIG 

15 

Approximate  Overall  Lergth,  Ins. 

46 

Arproid mate  Weight,  Charged,  Lbs, 

123 
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Adsorbent 

Material  Silica  Gel 
Size,  Mesh  3-8 
Density,  Lbs/Cu.  Ft,  38-40 
Quantity  Esquired,  Lbs,  42 


Inlet  Filter 
Material 
Diameter,  Ins. 

Wall  Thickness,  Ins, 
Length,  Ins. 

Primary  Outlet  Filter 
Material 

Ball  Diameter,  Ir.s, 
Quantity  Require!,  Cu.Ft. 

Secondary  Outlet  Filter 
Materiel 
Diameter,  Ins. 

Wall  Thickness,  Ins. 
Length,  Ins, 


Porex  Grade  1 
1-1/8  O.D. 
i/8 
5-1/4 


Alumina  Tabular  Balls 


Porex  Grade  1 
1-1/8 
1/8 
5-1/4 


OXYGEN  DISTILLATION  COUJMN 


Description 

The  distillation  column  shall  be  an  Air  Products,  Incorporated  column. 

It  shall  consist  of  a tube-type  condenser  and  a low  pressure  column  having  a 
number  of  bubble-cap  pans  of  conventional  design.  The  high  pressure  side  of 
thu  condenser  shall  be  designed  and  fabricated  for  a maximum  working  pressure 
of  100  P3IG.  The  low  pressure  column,  which  is  sIbo  the  low  pressure  side  of  • 
the  condenser,  shall  have  a maximum  working  pressure  of  15  PSIG,  The  column 
shall  be  provided  with  connections,  properly  sized  and  located,  to  accomodate 
all  of  the  required  column  feeds  and  offtakes.  Sufficient  pans  ohall  be  in- 
cluded in  the  low  pressure  column  to  ensure  that  the  product  liquid  oxygeft, 
when  withdrawn  from  the  column  at  a rate  of  two  tons  per  day,  shall  be  99. 5$ 
pure  when  the  air  available  to  the  oxygen  generator  is  approximately  1000 
standard  cubic  feet  per  minute,  and  when  the  material  balancee  are  as  calculated 
in  Section  III  of  this  report.  The  column  shall  be  approximately  13  1/8 
inches  in  diameter  and  8 feet  6 inches  high  and  shall  weigh  approximately 
600  pounds  dry. 


NITROGEN  DISTILLATION  COLUMN 


D-acrlptlon 

Tina  distillation  column  shall  be  an  Air  Products,  Incorporated  column. 

It  shall  consist  of  a tube-type  condenser  and  a high  pressure  column  having  a 
number  of  bubbl&-cap  pans  of  conventional  design,  The  high  pressure  column 


and  high  pressure  side  of  the  condenser  shall  be  designed  and  fabricated  for 
a maximum  working  pressure  of  100  P3IG.  The  low  pressure  ooluran  and  lew 
pressure  side  of  the  condenser  shall  he  desimed  and  fabricated  for  a maxi- 
mum working  pleasure  of  15  P5IG.  The  column  shall  be  provided  with  the  neces- 
sary connection!,  properly  sized  and  located  to  accommodate  »n  ol’  the  re- 
quired column  feeds  and  off-takes.  Sufficient  pane  shall  be  included  in  the 
high  pressure  column  to  insure  that  the  produot  liquid  nitrogen  when  withdrawn 
from  -.he  column  at  a rate  of  two  tons  oer  day  shall  bs  99.0JS  pure,  when  the  air 
available  to  the  generator  is  approximately  1000  standard  cubic  feet  per  min- 
ute and  whan  the  mnterial  balances  are  as  calculated  in  Section  III  of  this 

Tha  coluwi  shall  bs  anproximAtely  13  1/8  inches  in  diameter  and  5 feet 
6 inches  high  and  shall  weigh  approximately  450  pounds  dry. 


SUBCOOLEH 

Description 

The  subcooler  shall  be  an  Air  Products,  Incorporated  extended-surface 
type  heat  exchanger,  Modal  No.  41506C.  In  the  subcooler.  pure  liquid  shall 
flow  through  the  tubes  of  the  core  while  waste  air  gap  shall  flow  around  the 
tubes  through  the  shell. 

i 

Specifications 
Core 

Material 
Tube  Size,  IPS 
Tube  length,  Ins. 

Fin  Height,  Ins, 

Fin  Orientation 
No.  of  Fins  per  Circumference 
No.  of  Tubes 

Liquid  Inlet  Connection  Size,  Ins, 

Liquid  Ckitlet  Connection  Size,  Ins. 

Maximum  Working  Pressure,  PSIG 


Shell 

Material  Cooper 

Length,  Ins.  75 

Diameter,  Ins.  6-1/8  O.D. 

Thickness,  Ins.  0.140 

Head  Diameter,  Ins.  6-1/8  I.D. 

Head  Thickness,  Ins,  0,18? 

Waste  Air  Inlet  Connection  Size,  Ins,  3-1/8  O.D. 

Waste  Air  Outlet  Cormection  Size,  Ins.  3-1/8  O.D, 

Maximum  Working  Prsssjure,  PSIQ  15 

Approximate  Ovsrall  Length,  Ins,  91 

Approximate  Weight,  Lbs.  154 
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Firmed  Copper  Tube 
3/4 
60 
1/2 
Axial 
18 
7 

7/8  O.D. 
7/8  O.D. 
15 


I 


LIQUID  PRODUCT  FUKPS  AND  DRIVE  MOTORS 


Description 


The  liquid  oroduoi,  ouaos  shall  be  an  Air  Products,  Incorporated  horizontal, 
rsciorccating-plunger  type.  The  puaps  shall  be  driven  through  a orank-and- 
connecting  roc  mechanism  by  electric  motors  through  a gear  reduction.  The 
puaps  shall  be  provided  with  thermal  breaks  which  will  allow  the  puap  drive 
mechanisms  to  operate  at  ataosphsrio  teooerature  while  the  puap  cylinders  ire 
at  the  temperature  of  the  liquid  product  being  pumped.  The  puap  capacities 
shall  be  controlled  by  variation  of  th.?  ouap  stroke. 

secifioatipns 


Puap 

Delivery,  CPS  gas  Equivalent 
Plunger  Diameter,,  Ins, 
Stroke,  Ins. 

Speed,  RPK 

Intake  Pressure,  PSIO 
Discharge  Pressure,  PSIO 


2000 

5/8 

Variable  up  to  3 
100 
7 

4000 


Motors 

3 Horsepower,  220/440  Volts,  3 Phase,  60  cycle,  Squirrel-Cage  Induction,  Ball 
Bearing,  Horizontal,  Open,  40®  Jti.ee,  Continuous  Duty,  Normal  Torque,  Low 
Starting  Current,  with  100  RFM  American  Osar  Manufacturers'  Association  Class 
III,  Helical  Gears  Hand  Matched  for  Xininm  Back  Lash  and  Quiet  Operation, 


.GXYOSN-NTTnOGEN  VAPORIZER 


Description 


The  oxygen-nitrogen  vaporizer  shall  be  manufactured  by  Air  Products, 
Incorporated.  It  shall  be  a tube-type  heat  exchanger  consisting  of  copper 
coils  contained  within  e s* eel  shell.  The  pure  high  pressure  liquid  product 
shall  flow  through  the  copper  coils  vhile  high  pressure  air  from  the  after- 
cooler  of  the  air  compressor  shall  flow  across  the  tubes  within  th*  shell , 

Specifications 


Shell 
Material 
Length,  Ins. 

Diameter,  Ins, 

Thickness,  Ins. 

Head  Diameter,  Ins. 

Head  Thickness,  Ins, 

Htxiraia  Working  Pressure,  PSIG 


Steel 

48 

12 

0.120 

12 

1/8 

100 
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Cooper 
450 
3/8  O.D. 
0.10 
4000 

56 

270 


The  alternating-current  generator  shall  have  the  following  character- 
istics! 10.7  Kva,  120/206  volts,  3 phase,  4 wire,  60  cycle,  .9  power  factor, 
1800  Rffl,  synchronous,  horizontal,  ball-hearing,  dripproof,  self-excited  by 
direct  connected  exciter,  windings  of  generator  and  exciter  shall  be  moisture 
and  fungus  proof. 

The  alternating-current  generator  shall  have  a shaft  extension  suitable 
for  a 7-belt  drive  and  shall  b«  conplete  with  a solid  adjustable  base  or  slide 
rails, 


l 

. HYDROCARBON  ADSORBER  REACTIVATION  HEATER  j 

Description  J 


The  hydrocarbon  adsorber  reactivation  heater  shall  be  an  Air  Products, 
Incorporated  resistance  heater,  Model  No,  31144C.  It  shall  consist  of  two 
heating  el«ents,  the  resistance  heating  coils  of  which  are  imbedded  ia 
compacted  magnesium  oxide  which  is  contained  within  a grounded,  ehroae-steel 
sheath.  Eaoh  element  shall  le  rated  at  1 kilowatt  at  230  volts  alternating 
current  single  phase.  The  two  elements  shall  be  conns  Ct Ova  iii  wj/cn**  delta  for 
the  three  phase  circuit.  The  maximum  allowable  sheath  temperature  shall  ba 
1400  tc  1500°F. 


INTERCONNECTING  PIPINS 


Description 


The  interconnecting  piping  shall  be  of  as  lightweight  material  as  prac- 
tical. It  shall  be  adequately  strong  for  the  service  intended  and  shall  be 
sized  to  kaep  pressure  losses  within  tolerable  limits.  Operating  renditions 
such  as  temperature,  pressure,  location  end  application  shall  dictate  tho 
choice  of  material  to  b«  used.  Every  piping  circuit  of  the  liquid  product 
generator  shall  be  protected  against  excess  pressure  by  means  of  pep  isafady 
valves. 
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AIR  SEPARATOR  INSTRUMENT  PANEL 


Description 

The  sir  separator  instrument  panel  shall  be  fabricated  by  Air  Products, 
Incorporated.  It  shall  support  pressure  gages,  liquid  level  gagas  and  tempera- 
ture indicators  which  shall  serve  aa  operating  aids  for  tbs'  liquid  oxygen 
generator.  The  instruasnt  pare!  and  its  supports  shell  be  fabricated  of  at  it  el  o 
Its  measurements  shall  be  approximately  30  inohes  long  by  37  inohes  rids,  llte 
folloring  instruments  shall  bs  flush  mounted  and  readily  accessible  and  ii»- 
stountable  for  service,  if  necessary. 

High  Pressure  Coluan  Pressure  Gages 
Low  Pressure  fjoluam  Pressure  Oages 
High  Pressure  Produot  Pressure  Gages 

Phase  Separator  Liquid  Level  Qage 
High  Pressure  Column  Liquid  Level  Oages 
Low  Pressure  Column  Liquid  Level  Gages 

Air  Separator  Temperature  Indicator 


ELECTRICAL  CONTROL  PANEL 

Dsgqrlption 

The  electrioal  controls  shall  be  containsd  within  a National  Electrical 
Manufacturers'  Association  Type  One  enclosure,  and  all  visual  indicators  and 
manual  controls  shaLl  be  flush  mounted  on  the  face  of  the  enclosure  cover. 
The  electrical  controls  shall  consist  of  the  followings  power  distribution 
circuit  breakers,  an  indoor  switchgear  unit  aoarelota  with  vi  alternating 
current  voltmeter,  uameter,  current  transformer,  and  all  controls  necessary 
for  alternating-current  generator  operation, 

INSULATION 

Description 

The  fiberglass  insulation  for  the  air  separator  shall  bs  Owens-Coming 
Fiberglass  Corporation  Basie  Fiber  No,  28,  Type  B. 
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SECTION  7 

GENERATOR  RASTER  VALVE  AND  TEMPERATURE  INDEX 


For  identification  and  reference  purpoaea,  the  generator  ^79S 
temperature  indicators  shall  be  Assigned  lettsr-and-number ey®»°l*  ' I2!,0f?r 

possible,  the  latter  in  each  valve  symbol  shall  be  the  initial  or  the  fluid 
aomally  controlled  by  tha  valve,  The  letters  in  each  twiperatu,  e indicator 
symbol  shall  denote  the  type  of  instrument  used  to  determine  the  t wipe rature. 
Temperature  indicators  eha.ll  be  either  dial  thermometers,  aiilivolt-type, 
direct-reading  pyrometers.  This  systsa  of  identification  has  been  applied  in 
the  flcv -diagriJR  of  Figures  1,  2,  3 and  4. 


Symbols  Names  of  Valvea 


Al-A 

Al-S 

A7 

A10 

All 

A12 

A16 

A20 

A21 

A22 

A 26 

A30 

A 54 

AS1 

Afi4 

A86-A 

AS6=B 

A104 

A105 

A106 

.4107 

Ally 

Alll 

A128 

A129 

A130 


AIR  VALVES 

Air  Expansion  to  Oxygen  Column 
Air  Expansion  to  Nitrogen  Column 
Expansion-Engine  Air  Inlet  ■ 
First-Stage  Condensate-Trap 
geccnd-Stage  Condensate-Trap  Blow-Off 
Third-Stage  Condensate-Trap  Blow-Off 
Heat  Exchanger  Blow-Off 
First -Stags  Pressure-^ Jftge  Shut-Ofr 
Second-Stage  Pressure-Gage  ^hut-Off 
Third-Stage  pressura-Gage  Shut-Off 
Air  Flow  Control 
Main-Air  3hut-0ff 
High-Presjrure  Slow-Down 
Moisture  Accumulator  Tank  Drain 
Expansion-Engine  Inlet  Blow-Off 
Dry-Supply-Air  gbufc-Off 
tfet~3upply-Air  Shut-Off 
High-Pressure-Air  Exchanger  Bypass 
Defroat-Air  Exchanger  Bypass 
Defrost-Air  Exchanger  Bypass  Shut-Off 
High-Pressure-Air  Deak  Vent 
Sxnajadar  Bypass 
Aftercooler  Bypass 
Supply-Air  Pressure  Ragu*&vOf 
Supply-Air  Reservoir  Drain 
Expander  Discharge  Column  reed 


01 

07 

010 

014-A 

014-3 

020 


0SYGS/  VALVES 

Crude  Oxygen  Exoansion 
Oxygen-Pump  Feed  Control 
Pur*-Cxygen  Test 

Lov-Pre3sure-0xyge^-^=1‘iJsa  . 

Low-Pressure-hitrogsn-Coluan  Defroct 
Lov-Pressuro-Column  Gage  Shut-Or 


021 

022 

023 

024 
02, 
026 
02? 
028 
029 

038 

039 

040 
050 
0d4 
035 
087 

094 

095 
0101 
0102 
0103 
0108-4 
0108-3 
0118 
0131 


High-pre9sure-45xygen-0age  Shut-Off 
Pure-Oxygen  Lower  Liquld-Level-Oage  Shut-Off 
Pure-Oxygen  Upper  Liquid-L*vel-G*go--3hut-0ff 
Pure-Cxygen  Uoper  Liquid-Level-Oage  Vent 
Pur6-0xyf-en  Lower  Liquid-level-Qage  7 ant 
Crude-Oxygen  Upper  Liquid-Lovel-Oage  Shut-Off 
Crude-Oxygen  Lower  Liquid-Lev el -Oage  Suxt-Off 
Crude-Oxygen  Upper  liquid-Level-Gage  Vent 
Crude-foygen  Lower  Liquid-Lsvel^Chge  7ent 
Oxygen-Llqild-Lsvel-Oaige  Vent 
Oxygen^Liq-iJ-Lavsl-Oage  Vert 
Qxygen-Liquid-Level-Gage  Equaliser 
Ccluan-Pressure-Gage  Shut-Off 
Crude-Oxygen  Upper  Li quid-level -Gage  Vent 
Crude-Oxygen  Lower  Liquid-Level-Oage  Vent 
Pure  Liquid  Offtake 

Purs-CKygen  Liquid-Level-Gage  Squallier 
Cmde-Oxygen  liquid-Level-Gage  Equalizer 
Hydros arbon-Adeorber  Inlet 
Hydrocarbon-Adsorber  Outlet 
Hydroc&rben-Adaor  er  Bynaee 
Osiygen-Coluim  Crude-Oxygen  Peed  Shut-Off 
Nlitrcflen-Coluan  Crude-Nitrogen  Peed  Shut-Off 
Pure  C'ae  Offtake 
Pure-Qxygen  Subcooler  Inlet 


Nl-A 

Nl-B 

H12 

H13 

K14-A 

N14-B 

hi  5 

M20 


N30 

N37 

K56 

N83 

H104 

W05 


N106 

NlOfl 

N109 

K110 

mu 


9 


HU? 


NU7 

Nl?7 


HI  37 
H142 


W14U 

H131 


NITtfGtfiuN  VALVES 

Qxygsn-Oolusn  Crude  Oxygen  Expansion  Valve 
Kitroger.-OolUMn  Crude-Hitrogan  Expansion  Valve 
Nonaondflfjsable-Oae  Blow-Off 
Exchanger  Defrost  Cutlet 
Kigh-Pressure-Oxygen-Coluan  Defroet 
High-Prsssure-Ritrogen-Coluar  Defroet 
Air-Separator-Jacket  Nitrogen  Peed 
High-Pressure-Coluim  Gege  Shut-Off 
Noncondensable-Ot»  3hut -Off 
Puao-Nitroger  Peed  Control 
Oxygen-Pump  Defrost  Inlet 
Kigh-Presrure-hitrogen-Osge  Shut-Off 
Hydrocarbon-Adsorber  Defrost  Inlet 
Hydrowifbon-Adsorber  Defroet  Outlet 
Expander  Defrost  Inlet 

Crude-Nitrogen  Upper  Liquid-Level-Gage  Shut-Off 
Crvdr-Nitrogen  Lover  Liquid-Level-Gage  Shut-Off 
Crude-Nitrogen  Upper  Liquid-Level-Gage  Vent 
Crude-Nitrogen  Lower  Liquld-Level-Oage  Vent 
Crude-Nitrogen  Liquli-Leval-Gage  Equaliser 
Ritregen-Colurm  Nonotndensable-Oai  Shut-Off 
High  Purity  Nitrogen  foot 
Pvre-Nitrogen  Subcoole;  Inlet 
Puro-Hitrogen  Column  Pressure  Gage  Shut-Off 
Nitrogen  Pumo  Defrost  “nlst 
Nitrogen  Condenser  Upper  Liquid-Level-Oage  Inlet 
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N152 
H153 
HI  54 
H155 


Nltrogwi  Condenser  Lower  Liquid-Level-Gege  Inlet 
Nitrogen  Ccndeneer  Upper  Liquid-Level-Qage  Vent 
Nitrogen  Condenser  Lower  Licpjdd-Level-Dage  Tent 
Nitrogen  Condenser  Liquid-Lewel-Oege  Equal! eer 


sfcfghola 


TH1 

TH2 

TH3 

m 

TH5 


T^ajaturea  Indleated 


i maamjmsmm 


kiv  Leaving  FiraUSUfMXntereooler  of  Air^CowrMior 
Air  Leaving  Seaond^Stag^Xnteroo&ler  of  Air-€oapreiior 
Air  Leaving  TM,nl»3t»g*“Aft»r«e©i»r  of  Air-Ooienrener 
Air  Leaving . Own-tAI**  **? 

Oaieeoi  ProduvV  leaving  Vaporiser 


OliHiJUTOR  HAJiTPIl  VA1VI-  ANB  fMtMMAIHMl  XH&P 


B.vwboli 


T1 

ia 

T* 

T4 

r \ 
u 

*7 

Tfl 

T9 

no 


yggH^UkttEia-lBttleatid 

fcWmtMUytoti  tiwuawnrt 


Air  luterlng  (Airjf  ^J**)  V'M-KM-tU'ihwMtftr 
Air  Leaving  (»** 

Air  Leavhui  (Air  Hri.ai.'.Hjii  -i*#ha»M<*r 

Air  fe)t*r!n#  (A4**  t-*avl«4i  B-id  He** Iw*He*gW 

MlWtfvfl-MeMtr  1S.ff-*»tVMnt«r 

>**•»»*  YWvW1fr»-**'»f 
L 1 1 »h v '4li eH*A I r M»«)h4  Ait  ti^iHer 
>\ir**lluwl#' ******  Hh*»ri*p  |.ivr*i&-‘ta#g«R  J^hert*ler 
t'ut‘4»U»i0l<M**e*‘  leaving  f SM^elef 

Dwfrt.,f.Jir  Ale-.t^afAW 

Keanf ivafiva^A4**  X*vaiim  M/.irt-raff-wHgH*,  ttM' 


J 

I 

f 
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